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LATE  SILURIAN  TO  EARLY  DEVONIAN  STRATIGRAPHY  OF  THE 
YEA-MOLESWORTH  DISTRICT,  VICTORIA 

By  James  Couper 

Geology  Department,  Royal  Melbourne  Institute  of  Technology 

Abstract 

Nearly  16,000  ft  of  early  Devonian  and  possibly  latest  Silurian  siltstones,  cl  ay  stones,  and 
fine  to  medium  sandstones  and  granule  conglomerates  occur  in  the  Yea-Moleswort  is inc 

The  sequence  can  be  divided  into  three  basic  units  separated  by  two  prominent  plant-gr  p 
horizons  closely  associated  with  developments  of  granule  and  pebble  conglomerates,  es 
horizons  vary  from  8,000  to  between  9,000  and  10,000  ft  apart  stratigraphically.  The  higher 
these  horizons  containing  Monograptus  n.  sp.  cf.  praehercynicus  is  shown  to  be  ol  mia-Lowe 
Devonian  age  and  equivalent  to  the  Flowerdalc  Member  of  the  Humevale  Formation  previously 
discriminated  to  the  SW.  of  the  area.  The  known  flora  and  fauna  of  the  lower  plant-grap  oil  e 
horizon  is  not  diagnostic  with  regard  to  the  Silurian-Devonian  boundary.  I  he  oldest  rocKs  oi 
the  district  are  exposed  in  the  core  of  a  major  anticline  passing  through  Yea  township. 

Introduction 

In  1929  a  party  from  the  Victorian  Mines  Department  searched  the  Yea- 
Alexandra  district  for  the  remains  of  land  plants  in  association  with  Upper  Silurian 
graptolites.  The  plant  remains  were  described  by  Lang  and  Cookson  (1935), 
graptolites  found  in  association  with  this  flora  were  identified  by  Ellis  (1935)  as 
varieties  of  Monograptus  uncinatus ,  thus  dating  the  flora  as  Lower  Ludlow  in  age. 
Subsequently,  Harris  and  Thomas  (1942)  described  the  various  localities  in  the 
Yea- Alexandra  district  and  noted  the  strong  palaeontologic  and  stratigraphic 
similarity  to  the  rocks  along  the  Yarra  Track.  The  discovery  of  plants  and  graptolites 
in  investigations  to  the  W.  by  Schleiger  (1964),  and  subsequently  by  Williams 
(1964)  to  the  SW.,  indicated  that  some  clarification  of  the  relationships  of  the 
various  localities  in  the  Yea-Molesworth  district  was  desirable,  particularly  in  view 
of  the  forthcoming  ‘Geology  of  Victoria’  and  renewed  interest  in  latest  Silurian  to 
early  Devonian  graptolites  and  land  plants. 

The  area  studied  (Fig.  1 )  centres  on  the  township  of  Yea,  extending  for  nearly 
13  miles  across  the  strike  of  the  Siluro-Devonian  sediments  from  an  area  recently 
investigated  by  Williams  (1964)  on  the  W.  to  an  area  being  investigated  by  Garrett 
on  the  E. 

Structural  Geology 

The  rocks  of  the  area  form  a  series  of  anticlines  and  synclines  trending  N.50°  W. 
in  the  W.  part  of  the  area,  swinging  round  to  N.70°  W.  in  the  E.  parts.  Several  fold 
belts  can  be  recognized,  the  two  most  important  of  which  are: 

(a)  An  anticlinal  belt  passing  through  the  township  of  Yea  exposing  the  oldest 
sediments  of  the  area  in  its  core  (Unit  C);  this  belt  plunges  at  an  angle 
of  15°  SE. 

(b)  A  synclinal  belt  runs  from  Killingworth  (locations  57  and  58)  to  the  railway 
at  Cheviot.  The  rocks  in  the  core  of  this  belt  have  been  subject  to  intensive 
folding,  faulting,  and  differential  movements  resulting  in  incompatible  drag- 
folds  in  the  siltstones. 
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Minor  folds  are  generally  restricted  to  rather  narrow  belts  occurring  commonly 
in  the  cores  of  major  synclinal  belts.  Except  along  the  railway  line  at  Cheviot  where 
the  plunge  is  toward  the  NW.,  the  plunge  of  minor  folds  is  to  the  SE.  at  angles 
varying  from  15°  to  50°.  In  most  instances  the  thickness  of  beds  remains  uniform 
across  minor  folds.  Slickensided  bedding  planes  are  extremely  common,  the  slicks 
showing  the  direction  of  movement  between  individual  beds  to  have  been  normal  to 
the  fold  axes.  These  features  indicate  concentric  folding. 

Drag  folds  occur  in  fine  sandstones  only  in  closely  folded  belts;  in  all  cases  these 
drag  folds  are  incompatible,  i.e.  the  axes  of  the  drags  do  not  parallel  but  are  almost 
normal  to  the  fold  axes.  The  occurrence  of  the  drag  folds  in  closely  folded  synclinal 
belts,  along  with  the  evidence  for  concentric  folding,  suggests  some  genetic 
relationship. 

Faulting  is  developed  only  to  a  minor  extent  in  closely  folded  regions,  e.g.  at 
Cheviot.  Reverse  faults  with  throws  of  up  to  20  ft  and  minor  displacements  of  the 
order  of  6  in.  in  the  crests  of  anticlines  occur,  but  no  evidence  for  major  faulting 
could  be  found. 

There  are  two  joint  systems,  one  related  to  transverse  shearing  stress  and  the 
other  to  longitudinal  compression.  In  many  places  a  combination  of  joint  systems 
and  breakage  along  bedding  planes  results  in  splintering  of  the  claystones  into 
‘pencil  shales’.  At  other  localities  the  weathered  cores  between  joints  and  bedding 
planes  in  claystones  reflects  the  strain  ellipsoids  for  those  localities,  their  orientation 
indicating  maximum  compression  transverse  to  the  strike. 

Stratigraphy 

The  sediments  of  the  Yea-Molesworth  area  can  be  divided  into  three  conform¬ 
able  units,  here  labelled  A,  B,  and  C  (Fig.  2).  The  base  of  units  B  and  C  is  marked 
by  intraformational  conglomerates;  the  tops  of  units  A  and  B  are  marked  by  plant- 
graptolite  horizons  referred  to  below  as  the  No.  1  and  No.  2  plant-graptolite  asso¬ 
ciations  respectively.  The  higher  or  No.  2  plant-graptolite  horizon  is  in  effect  the 
Flowerdale  Member  of  Williams  (1964),  though  graptolites  were  not  recorded 
from  it  by  him.  I  have  refrained  from  using  formal  stratigraphic  nomenclature  on 
this  occasion  for  the  simple  reason  that  the  Yea-Molesworth  district  lies  inter¬ 
mediate  between  the  area  recently  described  by  Williams,  with  its  series  of  new 
stratigraphic  names,  and  the  Eildon  district  to  the  E.,  where  an  older  series  of 
stratigraphic  names  embrace  units  of  the  same  age  (Thomas  1947,  1953).  Further 
work  in  the  intervening  areas  will  doubtless  clarify  the  nomenclature. 

Unit  A 

A  maximum  thickness  of  4,500  ft  of  rocks  of  this  unit  is  exposed  but  its  base 
is  not  seen.  The  lower  2,500  ft  consists  of  sandstones  with  interbedded  claystones, 
the  sandstones  being  developed  to  thicknesses  of  up  to  200  ft.  The  upper  2,000  ft 
consists  of  silty  claystones  with  fine  interbedded  sandstones.  In  the  last  200  ft 
below  the  No.  1  plant-graptolite  horizon  there  is  a  predominance  of  medium 
sandstones  with  thicknesses  of  up  to  50  ft.  The  No.  1  plant-graptolite  horizon 
consists  of  claystones  and  silty  claystones. 

Unit  B 

This  unit  lies  conformably  on  unit  A,  its  thickness  varying  from  9-10,000  ft  on 
the  W.  to  8,000  ft  in  the  E. 

In  the  Western  Limb,  overlying  the  plant  horizon  and  subjected  in  part  to 
isoclinal  folding  are  approximately  4,000  ft  of  predominant  claystones  and  silty 
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Previous  Investigations 

General 

The  Tertiary  sequence  at  Pebble  Point  was  recorded  first  by  C.  S.  Wilkinson 
in  1865.  Wilkinson’s  fossil  localities  are  shown  on  maps  published  by  Baker  (1943, 
1950),  and  Baker  (1944)  has  published  Wilkinson’s  excellent  coastal  section  of 
the  Tertiaries  of  W.  Victoria.  Fossil  lists,  etc.,  published  between  1865  and  1923 
have  been  summarized  by  Baker  (1943). 

The  following  notes  on  the  stratigraphic  succession  are  based  mainly  on  a 
series  of  papers  by  Baker  (1943,  1944,  1950,  1953,  1962),  though  many  of  his 
observations  have  been  confirmed  in  the  field. 

The  sequence  is  exposed  on  the  W.  flank  of  the  broad,  S.-pointing  feature 
culminating  in  Cape  Otway,  W.  Victoria.  The  lower,  more  resistant  beds  form 
spectacular  cliffs;  farther  NW.  toward  the  Gellibrand  R.,  the  relief  is  less  and 
exposure  of  the  higher  beds  is  less  complete.  Reference  is  made  to  Baker’s  maps 
and  photographs  illustrating  the  location  and  physiography,  to  which  nothing  need 
be  added  here. 

Stratigraphic  Sequence 

In  the  Otway  Basin  (McQueen  1961),  the  outcropping  basal  Tertiary  overlies 
the  Otway  Group,  a  series  of  arkoses,  mudstones,  etc.,  which  Baker  (l.c.)  refers  to 
as  ‘Jurassic’  but  which  now  are  assigned  to  the  Lower  Cretaceous  (Dettmann 
1963).  The  unconformity  (Baker  1943,  PI.  X)  is  sharp,  being  a  clean-swept, 
somewhat  undulating  surface  with  no  sign  of  a  ‘hard  ground’. 

The  nomenclature  currently  in  use  for  the  overlying  sequence  is  given  by  Baker 
(1953).  The  following  tabulation  is  taken  from  Baker: 


(covered  interval) 


Princetown  Member 

Dilwyn 

'  Clay 

Rivernook  Member 

Wangerrip 
"  Group 


Pebble  Point  Formation 


- unconformity 

Mesozoic 


A  compilation  of  Baker’s  observations  is  given  in  Fig.  1  of  Baker  (1953)  and 
in  Section  25  of  Raggatt  (Raggatt  &  Crespin  1955).  Raggatt  has  also  published 
observations  by  Reeves  and  Evans  in  1949  (Section  26)  and  one  of  his  own 
sections  (Section  27). 
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The  sequence  dips  at  4  or  5  degrees  in  a  westerly  direction.  There  is  some 
faulting  (Baker  l.c.)  but  no  evidence  as  yet  that  the  sedimentary  succession  is  not 
continuous. 

The  Pebble  Point  Formation  is  a  series  of  fine  grits,  sands,  and  gritty  or  sandy 
clays.  Though  mainly  ferruginous,  it  is  carbonaceous  in  part,  especially  near  the 
base,  and  it  is  glauconitic  in  part  higher  in  the  sequence.  The  shelly  marine  fauna 
(Baker  1943,  Singleton  1943,  Teichert  1943)  is  found  in  large  blocks  of  limonitic 
or  glauconitic  conglomerates  and  grits  at  the  foot  of  the  cliffs.  It  comes  mainly,  or 
perhaps  entirely,  from  the  thin  horizon  in  the  upper  part  of  the  formation  referred 
to  by  Baker  as  ‘fossiliferous  grit’,  and  by  Raggatt  as  ‘lenticular,  shelly  fine  con¬ 
glomerate’.  While  this  is  the  most  obviously  marine  horizon  in  the  formation,  Baker 
has  referred  repeatedly  to  the  unit  as  a  whole  as  a  ‘littoral  deposit’;  and  he  has 
observed  microscopic  traces  of  marine  fossils  from  several  parts  of  the  unit  (Baker, 
pers.  comm.).  The  thickness  of  the  Pebble  Point  Formation  is  given  as  50  ft  by 
Baker,  but  as  more  than  100  ft  by  Reeves  and  Evans  and  by  Raggatt. 

The  Dilwyn  Clay  is  a  sequence  of  dark,  carbonaceous  clays,  sandy  in  places, 
and  carrying  copiapite.  The  branching  markings  ‘resembling  algal  remains’  dis¬ 
cussed  in  Baker’s  earlier  papers  are  perhaps  due  to  burrowing  organisms  (Baker 
1953);  but  generally  the  unit  is  poorly  fossiliferous.  As  well  as  the  Rivemook 
Member,  there  are  interbedded  in  the  Dilwyn  Clay  several  glauconitic  sandstone 
bands  with  marine  shelly  faunas.  Two  of  these  are  known  as  the  ‘ Turritella  Bed’ 
and  the  ‘ Trochocyathus  Bed’  (Baker  1950,  Fig.  2).  Mineralogically  (summarized 
in  Baker  1953)  they  are  similar  to  the  Pebble  Point  Formation,  as  is  the  carbon¬ 
aceous  sandy  shale  bed  (Princetown  Member)  near  the  top  of  the  sequence. 

The  Rivernook  Member  is  interbedded  in  the  Dilwyn  Clay  about  half-way  up 
the  section.  Baker  has  estimated  that  it  is  separated  from  the  Pebble  Point  Forma¬ 
tion  by  roughly  500  ft,  but  the  interval  probably  is  much  less.  The  Member  is  a 
clay,  variably  consolidated,  with  quartz,  biotite  flakes,  and  glauconite  pellets.  It 
has  patches  of  gypsum  and  also  pyrite,  the  decomposition  of  which  presumably 
gives  the  limonitic  coating  over  much  of  the  microfauna  recorded.  Baker  (1950, 
Fig.  2)  gives  the  thickness  as  20  ft. 

Faunas,  Floras,  Age 

In  1941,  Singleton  could  state  (p.  11)  that  ‘Paleocene  to  Middle  Eocene 
horizons  are  as  yet  unknown  in  Australia  .  .  .’.  Almost  immediately,  however,  this 
picture  changed,  as  noted  by  Singleton  himself  (1943),  due  to  the  new  researches 
carried  out  and  instigated  by  Baker.  While  corals,  molluscs,  shark  teeth,  etc.,  had 
been  known  since  the  time  of  Wilkinson,  new  studies  indicated  that  the  faunas, 
particularly  from  the  Pebble  Point  Formation,  were  distinctly  older  than  had  been 
thought. 

Singleton  (1943)  compared  the  molluscan  assemblage  ( Lahillia-Cucullaea 
fauna;  pelecypods  and  one  scaphopod)  from  the  Pebble  Point  Formation  with  the 
Wangaloan  fauna  of  New  Zealand  in  particular.  Thus,  he  referred  it  tentatively  to 
the  Lower  Eocene  or  possibly  Paleocene.  The  Wangaloan  now  is  omitted  from  the 
standard  New  Zealand  stage  sequence,  the  type  section  being  correlated  with  the 
Turian  or  part  of  the  lower  Dannevirke  series,  i.e.  Dano-Paleocene  (Hornibrook  & 
Harrington  1957).  Nevertheless,  Singleton’s  correlation  is  not  affected  by  this,  and 
it  remained  the  firmest  basis  for  dating  the  beds  for  several  years. 

The  two  nautiloids  from  the  Pebble  Point  Formation,  described  by  Teichert 
(1943,  1947)  as  Aturoidea  distans  Teichert  and  Eutrephoceras  victorianum 
(Teichert),  indicated  an  Eocene  age.  The  presence  of  Aturoidea  distans ,  together 
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with  Lahillia,  Cucullaea ,  etc.,  in  the  Bahgallah  Formation  of  W.  Victoria  (Kenley 
1951,  1954)  is  good  evidence  for  correlating  this  unit  with  the  lithologically  closely 
similar  Pebble  Point  Formation. 

Glaessner  and  Parr  (Appendix,  Baker  1943)  found  about  28  species  of 
Foraminifera  in  the  Pebble  Point  Formation.  Their  species  list  gives  a  good  idea 
of  the  Pebble  Point  fauna  (as  it  is  known  at  present)  but,  at  that  time,  the  species 
known  did  not  have  the  biostratigraphic  significance  which  they  have  now. 
Glaessner  and  Parr  accordingly  restricted  their  conclusions  to  suggesting  an  Eocene 
age,  not  disagreeing  with  the  molluscan  evidence. 

Glaessner  and  Parr  found  no  Foraminifera  in  the  clay  beds  (the  Dilwyn  Clay). 
Subsequently,  Parr  discovered  a  fauna  in  the  Rivemook  Member  (Baker  1944, 
1953)  which,  he  believed,  was  similar  to  the  fauna  from  the  Pebble  Point  Forma¬ 
tion.  Parr’s  assemblages,  however,  show  several  of  the  differences  listed  in  the 
present  paper,  and  his  unpublished  notes  show  that  he  had  recognized  them. 

Apart  from  Cyclammina  in  the  Princetown  Member  (Baker  1953),  the 
remaining  fossils  recorded  from  the  Wangerrip  Group  have  been  listed  by  Baker 
(1950,  p.  27).  And  as  Baker  (1953,  p.  132)  has  expressed  it,  ‘the  sum  total  of 
this  evidence  [stratigraphy,  minerals,  fossils]  is  interpreted  to  indicate  that  all  of  the 
Older  Tertiary  deposits  south-east  of  the  mouth  of  the  Gellibrand  River  belong  to 
one  Group  that  is  probably  virtually  much  the  same  age  throughout,  namely,  Lower 
Eocene  to  Paleocene,  the  age  assigned  recently  ...  to  only  the  lower  beds  (Pebble 
Point  Formation)  in  the  Wangerrip  Group’. 

In  a  brief  review  of  these  studies  with  regard  to  the  problem  of  the  ‘Anglesean 
Stage’,  Raggatt  &  Crespin  (1955)  state  more  definitely  (\  .  .  there  seems  little 
doubt  .  .  .’)  that  the  Pebble  Point  Formation  is  Paleocene,  rather  than  Paleocene 
to  Lower  Eocene  in  age.  No  evidence  is  given  for  improving  upon  the  more 
tentative  conclusions  of  Baker,  etc.  Raggatt  and  Crespin  list  6  species  of  Foramini¬ 
fera  from  the  lower  Dilwyn  Clay,  but  none  of  these  forms  has  much  significance. 

Nothing  new  on  faunas  or  age  has  been  published  since.  Glaessner  (1959, 
Table  1)  placed  the  Pebble  Point  Formation  in  the  Paleocene  on  the  evidence 
considered  here.  Cookson  and  Eisenack  (1961;  see  also  here  references  to  other 
work  by  Cookson)  accepted  Baker’s  (1953)  conclusions  for  the  purposes  of 
correlation. 

Harris  (in  press)  has  studied  in  detail  the  spores  and  pollen  of  the  Wangerrip 
Group.  He  has  been  able  to  zone  the  sequence  as  follows:  (1)  Triorites  edwardsii 
Assemblage  Zone  (Pebble  Point  Formation  and  basal  Dilwyn  Clay);  (2)  Triorites 
edwardsii — Duplopollis  orthoteichus  Concurrent  Range  Zone  (middle  part  of 
Dilwyn  Clay,  including  Rivernook  Member);  (3)  Duplopollis  orthoteichus  Assem¬ 
blage  Zone  (upper  part  of  Dilwyn  Clay,  including  Princetown  Member).  By 
confirming,  palynologically,  the  view  (Baker  1953)  that  the  upper  part  of  the 
Dilwyn  Clay  was  deposited  continuously,  and  by  accepting  the  present  writer’s 
conclusions  (below)  that  the  Rivemook  Member  is  Middle  to  Upper  Paleocene 
in  age,  Harris  has  suggested  convincingly  that  the  entire  Wangerrip  Group  as 
exposed,  including  the  Princetown  Member,  is  Paleocene. 

The  Foraminiferal  Faunas 

It  has  been  pointed  out  already  that  recovery  of  specimens  from  the  Pebble 
Point  Formation  in  particular  was  usually  very  difficult.  Therefore,  in  compiling 
the  faunal  list  (Table  1),  all  specimens  recognized,  from  the  diverse  sources 
mentioned  above,  were  counted.  Inevitably,  since  standard  methods  of  quantitative 
analysis  were  impracticable,  the  figures  (see  notes  on  each  species)  and  also  the 
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percentages  given  below,  are  not  reliable  in  a  strictly  statistical  sense.  And  there 
are  some  forms  which  have  been  lumped  together  as  ‘species  groups’,  and  others 
where  the  material  was  too  poor  or  too  sparse  to  be  determined. 

Nevertheless,  sufficient  specimens  are  available  to  make  these  results  meaning¬ 
ful  in  a  broad  way.  The  diversity  of  the  Victorian  Paleocene  faunas  has  been 
established  even  though  many  species  are  represented  by  one  or  two  specimens 
only.  A  total  of  about  120  species  is  of  the  same  order  as  the  faunas  from  the 
Paleocene  of  Sweden  (Brotzen  1948)  or  from  the  English  Thanetian  (Haynes 
1958)  which  are  richer  in  specimens. 

There  is  nothing  intrinsic  in  the  assemblages  to  indicate  that  the  fauna  of  the 
Pebble  Point  Formation  is  heterogenous.  Probably  most  specimens  came  from  the 
shelly  horizon  or  lenses  in  the  upper  part.  Similarly,  the  Rivemook  fauna  is 
handled  as  a  single  unit.  In  this  case,  Parr’s  assemblages  show  some  differences 
from  those  collected  by  the  writer  (which  vary  among  themselves  for  unexplained 
though  probably  preservational  reasons).  This  is  hardly  surprising,  since  the 
Member  is  20  ft  thick  and  intermittently  exposed.  The  differences  are  not  import¬ 
ant.  Doubtless  the  clearcut  distinctions  between  the  Pebble  Point  Formation  and 
Rivemook  Member  faunas  will  become  somewhat  less  clearcut  as  more  exposures 
from  the  intervening  sequence  are  examined  in  detail. 


Composition  of  Faunas 

Total  number  of  species  recorded .  120 

Total  in  Pebble  Point  Formation .  85 

Total  in  Rivemook  Member .  82 

Species  in  common .  47 

Planktonic  component  (specimens) — 

Pebble  Point  Formation .  3% 

Rivemook  Member .  37% 

Family  Cibicididae  (equals  Gavelinellidae  plus 
Cibicididae  of  Reiss  1963);  proportion  of 
benthos  (specimens) — 

Pebble  Point  Formation .  51% 

Rivemook  Member .  53% 

For  details,  see  Table  1. 


Comparison  and  Contrast 

The  two  faunas  have  rather  less  in  common  than  Parr  concluded  (see  Baker 
1944,  1953).  Slightly  more  than  one-third  of  the  total  number  of  species  are 
common  to  both.  The  most  apparent  difference  is  the  great  increase  in  specimens 
of  planktonic  species  in  the  Rivemook  Member.  About  the  same  number  of 
benthonic  specimens  (2500-2700)  is  available  from  each  fauna;  thus,  the  influx 
of  planktonics  is  real  and  not  an  accident  of  sampling. 


Table  1 

List  of  Species  from  Pebble  Point  Formation  and  Rivemook  Member  of  Dilwyn  Clay 

Specimens  counted  from  all  material  available.  Therefore,  conventional  categories 
upgraded  as  follows:  R,  rare,  1-10;  F,  frequent,  11-20;  C,  common,  21-50;  A,  abundant, 
more  than  50;  *,  many  fragments  present.  For  accurate  counts,  see  notes  on  species. 
Occurrences  in  King’s  Park  Shale  (  +  )  based  on  Parr  Collection,  Dept  Geology, 
University  of  Western  Australia.  Occurrences  in  the  Paleocene  outside  Australia  (-f-) 
based  on  the  literature  and  on  comparative  material. 
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I 

Pebble 

Point 

formation 

^.ivemook 

Member 

King’s 

Park 

Shale 

Paleocene 

elsewhere 

Haplophragmoides  sp.  sp . 

R 

R 

> 

Textularia  midway  ana  Lalicker . 

R 

+ 

Nodosaria  latejugata  Giimbel  . 

R 

F 

+ 

+ 

N.  spinosa  Olsson  . .  .  ♦  . 

R 

+ 

N.  cf.  N.  longiscata  d'Orbigny  . 

R 

* 

+ 

Dentalina  soluta  Reuss . 

R 

+ 

+ 

D.  colei  Cushman  &  Dusenbury . 

F 

F 

+ 

+ 

D.  cf.  D.  plummet ae  Cushman  . 

R 

+ 

+ 

D.  aff.  D.  eocenica  Cushman . 

C 

R 

? 

+ 

D.  glaessneri  ten  Dam . 

R 

R 

+ 

R 

D.  insulsa  Cushman  . 

F 

+ 

+ 

Robulus  pseudomamilligerus  (Plummer) 

R 

+ 

R.  reussi  Haque  . 

A 

C 

+ 

+ 

R.  discus  Brotzen . 

R 

C 

+ 

Astacolus  aff.  A.  gladius  (Philippi)  . 

C 

+ 

+ 

Saracenaria  aff.  S.  hantkeni  Cushman . 

C 

+ 

+ 

Citharina  plumoides  (Plummer) . 

F 

+ 

+ 

F 

F 

+ 

R 

Vaginulina  longiforma  (Plummer)  . 

F 

+ 

+ 

Marginulina  jacksonensis  (Cushman  &  Applin) .  . 

R 

? 

M.  hamulus  Chapman . 

F 

C 

+ 

4- 

M .  atlantisae  (Cushman)  . 

F 

+ 

Pseudonodosaria  manifesta  (Reuss)  . 

R 

R 

+ 

+ 

Rectoglandulina  clarkei  (Parr)  . 

R 

R 

+ 

Lagena  hexagona  (Williamson)  . 

F 

R 

+ 

+ 

L.  cf.  L.  perthensis  Parr  . 

R 

+ 

L.  terrilli  Parr . 

R 

+ 

L.  aff.  L.  terrilli  Parr  . 

R 

R 

L.  cf.  L.  caudata  (d’Orbigny),  etc . 

R 

R 

+ 

L.  cf.  L.  acuticosta  Reuss,  etc . 

R 

R 

+ 

+ 

L.  cf.  L.  amphora  Reuss,  etc . 

R 

R 

+ 

-p 

L.  cf.  L.  laevis  (Montagu)  . 

C 

C 

+ 

F 

Fissurina  cf.  F.  flintiana  (Cushman) . 

R 

R 

F.  cf.  F.  laevigata  Reuss  . 

R 

R 

+ 

R 

R 

Ramulina  sp . 

R 

Guttulina  problema  d’Orbigny  species  group 

A 

F 

+ 

+ 

G.  lactea  (Walker  &  Jacob)  plus  G.  cf.  G.  lactea 

elongata  Haynes . 

C 

R 

+ 

+ 

G.  cf.  G.  hantkeni  Cushman . 

C 

R 

+ 

+ 

R 

G.  sp.  2  . . . 

R 

F 

Globulina  gibba  d’Orbigny . 

A 

R 

+ 

+ 

Tobolia  aff.  T.  veronica  Dain . 

C 

F 

+ 

Polymorphina  sp.  sp . 

R 

Sigmomorphina  sp . 

R 

Enantiomorphina  cf.  E.  lemoinei  Marie 

F 

R 

+ 

? 

Enantiodentalina ?  sp . 

R 

Biloculina  sp . 

R 

Buliminella  westraliensis  Parr  . 

R 

+ 

Bulimina  esnaensis  LeRoy . 

R 

+ 

+ 

B.  cf.  B.  parvula  (Brotzen) . 

R 

B.  aff.  B.  trigonalis  ten  Dam  . 

R 

+ 
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Pebble 

Point 

Formation 

Rivemook 

Member 

King’s 

Park 

Shale 

Paleocene 

elsewhere 

Bulitnina  afE.  B.  minuta  (Marsson) 

R 

4- 

Praeglobobulimina  quadrata  (Plummer) 

A 

4- 

Baggatella  sp.  nov . 

A 

Epistom i nella  cf.  E.  vitrea  Parker 

C 

A 

4- 

E.  cf.  E.  minuta  (Olsson)  . 

C 

? 

Kolesnikov ella  angusta  sp.  nov . 

A 

A 

+ 

* Angulogerina '  subangularis  Parr  .  . 

R 

+ 

‘ A .'  europaea  Cushman  &  Edwards  . 

R 

4- 

Stilostomella  plummerae  (Cushman)  . 

R 

4- 

Bolivina  sp . 

R 

? 

Bolivinoides  oedumi  (Brotzen)  . 

R 

R 

+ 

4- 

Stainforthia  cf.  S.  wilcoxensis  (Cushman  & 

Ponton)  . 

R 

F 

? 

Spirobolivina  emmendorferi  (Jennings) 

C 

+ 

4- 

Tappanina  selmensis  (Cushman) . 

R 

A 

4- 

Cassidulina  cf.  C.  globosa  Brady . 

R 

+ 

? 

R 

Allomorphina  allomorphinoides  (Reuss) 

R 

4- 

Chilostomella  eocenica  (Cushman) . 

R 

4- 

Nonionella  cf.  N.  soldadoensis  Cushman  &  Renz 

R 

C 

4- 

N.  cf.  N.  insecta  (Schwager) . 

R 

4- 

Conorbina  sp . 

C 

+ 

4- 

C.  brotzeni  (Hofker)  . 

R 

4- 

Alabamina  westraliensis  (Parr)  . 

C 

A 

+ 

4- 

‘ Eponides ’  aff.  E.  plummerae  Cushman 

R 

4- 

Osangularia  plumynerae  Brotzen . 

R 

+ 

4- 

Heronallenia  cf.  H.  parti  Carter . 

R 

+ 

Siphonina  ( Pulsiphonina )  prima  (Plummer) 

R 

+ 

4- 

Gyroidinoides  octocamerata  (Cushman  &  Hanna) 

C 

A 

+ 

4- 

G.  cf.  G.  aequilateralis  (Plummer)  . 

C 

? 

C 

? 

Pseudovalvulineria  sp.  nov . 

A 

Anomalinoides  praespissiformis  (Cushman  & 

Bermudez) . 

A 

C 

4- 

A.  aff.  A .  nobilis  Brotzen  . 

A 

+ 

4- 

A.  perthensis  (Parr)  . 

C 

A 

+ 

A.  westraliensis  (Parr) . 

C 

R 

+ 

4- 

Cibicidina  mariae  (Rupert  Jones)  . 

A 

4- 

Cibicides  umbonifer  Parr  . 

A 

C 

+ 

4- 

C.  praecursorius  (Schwager) . 

A 

4- 

C.  aff.  C.  spiropunctatus  Galloway  &  Morrey 

A 

4- 

4- 

C 

C 

-1- 

4- 

F 

p 

C.  whitei  Martin  . 

A 

+ 

4- 

Karreria  pseudoconvexa  (Parr)  . 

A 

+ 

4- 

K.  fallax  Rzehak . 

R 

4- 

Lamarckina  naheolensis  Cushman  &  Todd  .  . 

R 

+ 

4- 

L.  rugulosa  Plummer  . 

A 

4- 

4- 

Ceratobuliniina  westraliensis  Parr . 

A 

A 

+ 

C.  jutlandica  Troelsen . 

F 

R 

4- 

Hoeglundina  scalaris  (Franke)  . 

R 

C 

4- 

4- 

Epistominoides  wilcoxensis  (Cushman  &  Ponton) 

R 

4- 

E.  cf.  E.  midway ensis  Plummer . 

R 

4- 

? 

Robertinoides  sp . 

R 

4- 

? 

Globigerina  aff.  G.  linaperta  Finlay  . 

A 

A 

4- 

4- 

G.  pseudoiota  Homibrook  . 

R 

4- 

G.  esnaensis  LeRoy  . 

R? 

A 

4- 
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Pebble 

Point 

Formation 

Rivernook 

Member 

King’s 

Park 

Shale 

Paleocene 

elsewhere 

Globorotalia  aequa  Cushman  &  Renz . 

A 

4- 

G.  pusilla  laevigata  Bolli  . 

R 

4- 

G.  chapmani  Parr . 

F 

R 

4- 

4- 

G.  pseudomenardii  Bolli . 

R 

4- 

4- 

G.  imitata  Subbotina  . 

R 

A 

4- 

Chiloguembelina  crinita  (Glaessner)  . 

R 

A 

4- 

4- 

C.  trinitatensis  (Cushman  &  Renz)  . 

A 

4- 

4- 

Species  characterizing  the  Pebble  Point  fauna  but  not  found  in  the  Rivernook 
Member  include: 

Dentalina  insulsa  Cushman 
Citharina  plumoides  (Plummer) 

Baggatella  sp.  nov. 

Spirobolivina  emmendorferi  (Jennings) 

Cibicides  whitei  Martin 
Karreria  pseudoconvexa  (Parr) 

Pseudovalvulineria  sp.  nov. 

Anomalinoides  aff.  A.  nobilis  (Brotzen). 

The  Rivernook  Member,  on  the  other  hand,  contains  several  characteristic 
species  which  are  not  found,  or  found  only  extremely  rarely  (*)  in  the  Pebble 
Point  Formation: 

Vaginulina  longiforma  (Plummer) 

*Nodosaria  cf.  N.  longiscata  d’Orbigny 
Praeglobobulimina  quadrata  (Plummer) 

Lamarckina  rugulosa  Plummer 
Globorotalia  aequa  Cushman  &  Renz 
*Globigerina  esnaensis  LeRoy 
*  Chiloguembelina  crinita  (Glaessner) 

Chiloguembelina  trinitatensis  (Cushman  &  Renz) 

Cibicides  praecursorius  (Schwager) 

Cibicidina  mariae  (Rupert  Jones). 

While  both  faunas  have  the  same  high  proportion  of  Cibicididae  spread  over 
about  the  same  number  of  species,  the  dominant  forms  are  not  the  same.  Cibicides 
umbonifer ,  C.  whitei ,  Karreria  pseudoconvexa ,  and  Anomalinoides  aff.  A.  nobilis , 
prominent  in  the  Pebble  Point  Formation,  are  replaced  wholly  or  in  large  part  in 
the  younger  fauna  by  Cibicides  aff.  C.  spiropunctatus ,  C.  praecursorius ,  Gyroid- 
inoides  octocamerata ,  Cibicidina  mariae ,  and  Anomalinoides  perthensis . 

Environment 

Baker  (l.c.)  has  depicted  the  Pebble  Point  Formation  as  a  ‘littoral  deposit’ 
with  a  shelly  fauna  of  robust  pelecypods  and  stranded  nautiloids.  The  Foraminifera 
indicate  shallow  water.  Agglutinated  species  are  negligible  and  porcellanous  species 
have  not  been  found.  This  fact,  together  with  the  diversity  of  the  fauna  and 
particularly  the  abundance  of  the  Cibicididae  (e.g.  Lowman  1949),  precludes 
restricted,  marginal  marine  conditions  (Phleger  1960).  An  open  marine,  rather 
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shallow-water,  shelf  environment  is  indicated.  The  variation  in  features  such 
grain  size,  and  the  presence  of  glauconite  and  shelly  fossils,  probably  indicate 
variation  in  the  (usually  rapid)  rate  of  supply  of  sediment  in  so  far  as  these 
features  are  known  in  this  weathered,  highly  ferruginous  sequence. 

According  to  Baker  (l.c.),  the  Dilwyn  Clay  was  deposited  in  somewhat  deeper 
water.  This  may  well  be  so.  The  influx  of  planktonics,  and  the  increase  in  Episto- 
minella  and  Nonionella  numbers  with  the  appearance  of  Cibicidina ,  would  seem  to 
support  this  interpretation  (e.g.,  Bandy  &  Arnal  1960).  In  the  case  of  the 
planktonics  it  is  the  number  of  specimens  rather  than  the  species  diversity  which 
is  important  here.  The  low  abundance  in  the  Pebble  Point  Formation  suggests 
possibly  restricted  access;  thus,  it  cannot  be  stated  definitely  that  the  subsequent 
influx  supports  the  idea  of  a  general  rise  in  temperature  during  deposition  of  the 
Wangerrip  Group,  shown  in  the  spore  and  pollen  analysis  by  Harris  (in  press). 

Harris  (l.c.)  has  also  found  that  microplankton  occurs  in  all  samples  studied, 
indicating  that  the  Wangerrip  Group  is  marine  or  at  least  brackish  throughout. 
The  Wangerrip  Group  can  be  pictured  as  a  paralic  sequence,  but  not  nonmarine 
with  marine  incursions  (e.g.,  Rivernook  Member,  Trochocyathus  and  Turritella 
Beds)  so  much  as  mostly  or  perhaps  entirely  marine  with  episodic,  shelly  marine 
faunas  indicating  periods  of  better  circulation. 

Baker  (1953)  has  stressed  the  occurrence  of  ‘Cyclammina9  in  the  Princetown 
Member.  ‘Cyclammina!  occurs  also  lower  in  the  Group  in  outcrop  (Raggatt  & 
Crespin  1955,  this  paper).  However  ‘Cyclammina!  is  a  deep  water  form  (Bandy  & 
Arnal  1960,  and  ref.  therein).  Taylor  (1965)  has  found  that  all  species  of  so-called 
‘ Cyclammina ’  in  the  Victorian  lower  Tertiary  are  in  fact  Haplophragmoides, 
typically  a  marginal  marine  genus.  Taylor  has  stressed  the  ecologic  significance  of 
Haplophragmoides  assemblages,  which  give  powerful  support  to  the  evidence  out¬ 
lined  here. 

Some  Aspects  of  Biogeography 

While  Paleocene  foraminiferal  faunas  throughout  the  world  tend  to  be  rather 
more  variable  than  those  of  the  Maastrichtian,  there  are  quite  a  few  Paleocene 
species  with  very  broad  geographic  distribution.  Table  1  lists  about  two-thirds  of 
the  Victorian  Paleocene  species  known  as  occurring  in  Paleocene  faunas  outside 
Australia.  Taking  the  several  doubtfully  and  not  determined  forms  into  account,  it 
is  seen  that  the  assemblages  can  be  regarded  as  cosmopolitan  in  aspect. 

There  are,  however,  three  species  of  special  interest  in  this  context.  The  coun¬ 
terpart  of  each  in  the  Carnarvon  Basin  Paleocene  is  found  in  several  or  many 
Paleocene  faunas  throughout  the  world,  yet  the  Victorian  forms  differ  significantly. 
Globorotalia  chapmani  shows  only  one  extreme  of  the  range  in  morphology  found 
elsewhere.  Pseudovalvulineria  sp.  nov.  is  very  close  to  the  Boongerooda  Greensand 
species  which,  on  occasion,  has  been  identified  as  Gyroidina  caucasica  Subbotina 
(Russia),  and  Rotalia  beccariiformis  White  (Central  America).  Anomalinoides 
aff.  A .  nobilis  can  be  distinguished  from  the  Carnarvon  Basin  and  European  species, 
though  whether  specifically  or  subspecifically  is  not  yet  clear.  It  is  believed  that 
these  three  species  in  particular  indicate  some  degree  of  geographic  isolation  in 
the  fauna  of  the  Pebble  Point  Formation.  Also,  as  noted  above,  the  relative  rarity 
of  planktonics  perhaps  could  be  explained  alternatively  in  this  way. 

The  Pebble  Point  Formation  and  Rivernook  Member,  in  common  with  the 
King’s  Park  Shale  (Paleocene,  Perth  Basin,  Western  Australia;  Parr  1938,  Mc- 
Gowran  1964),  have  a  characteristic  faunal  component  of  species  with  tests 
of  aragonite  (superfamily  Robertinacea).  There  are  8  species  in  the  Victorian 
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Paleocene,  distributed  among  the  genera  Lamarckina ,  Ceratobulimina,  Hoeglun- 
dina,  Epistominoides ,  and  Robertinoides.  Six  of  these  species  occur  in  the  King’s 
Park  Shale  (Table  1 )  plus  a  new  species  of  Ceratobulimina.  In  contrast,  this  group 
has  not  been  found  in  the  Paleocene  of  the  Carnarvon  Basin. 

This  geographic  distribution  seems  to  be  paralleled  in  the  Northern  Hemis¬ 
phere.  The  aragonitic  forms  are  an  important  part  of  the  Paleocene  faunas  in 
Scandinavia  (Brotzen  1948),  and  they  occur  in  the  English  Thanetian  (Haynes 
1958)  and  the  Polish  Paleocene  (Brotzen  &  Pozaryska  1961,  and  ref.).  Yet  in 
the  lower  latitudes,  in  the  Tethyan  region,  they  seem  to  be  very  rare  or  absent. 
Morozova  (1960)  lists  two  species  as  characteristic  of  the  Russian  Platform  Pale¬ 
ocene,  but  not  the  Paleocene  of  Mediterranean  Russia  (Crimea,  Caucasus,  Pre- 
Caspian  Syneclise).  Similarly,  the  group  as  a  whole  characterizes  much  of  the 
Paleocene  of  the  United  States  Gulf  Coast,  but  not  the  Caribbean  region  (compare, 
e.g.  Cushman  1951  and  Beckmann  1960). 

While  it  is  accepted  generally  that  aragonitic  fossils  are  more  susceptible  than 
calcitic  to  removal  through  solution  in  carbonate  sediments,  it  seems  most  unlikely 
that  the  distribution  in  the  Australian  Paleocene  can  be  explained  in  this  way. 
Troelsen  (1957,  p.  127)  advanced  this  idea  to  explain  the  restriction  of 
Lamarckina ,  Ceratobulimina ,  etc.  to  the  Scandinavian  Paleocene  (Brotzen  1948), 
because  they  ‘could  not  possibly  have  been  preserved  in  the  limestones  of  the 
Danskekalk  formation,  although  they  may  conceivably  have  lived  in  the  area  in 
late  Danian  time’.  Brotzen  (1959)  has  rejected  this  possibility  convincingly. 
Aragonitic  forms  are  found  often  in  calcareous  sediments  in  the  Australian 
Tertiary.  Thus,  the  contrast  in  this  respect  between  the  Carnarvon  Basin  and  the 
Paleocene  in  southern  Australia  seems  to  be  real. 

It  is  tempting  to  regard  the  reflection,  in  Australia,  of  the  crudely  latitudinal 
distribution  (presence  against  relative  to  complete  absence)  of  the  Robertinacea 
in  the  Northern  Hemisphere  Paleocene  as  climatically,  or  at  least  temperature, 
controlled.  But  there  is  no  supporting  evidence  for  this  from  the  Recent.  Any 
temperature  control  would,  indeed,  be  expected  to  give  the  very  reverse  of  the 
Paleocene  distribution.  Blackmon  &  Todd  (1959)  and  Bandy  (1960)  have  found 
no  trend  which  might  explain  this  distribution.  It  must  remain,  therefore,  as  an 
interesting  but  empirical  situation  deserving  further  consideration.  It  is  emphasized 
here  because  it  is  the  main  way  in  which  the  faunas  of  the  Victorian  Paleocene 
show  more  resemblance  to  the  Midway  and  the  Scandinavian  Paleocene  than  to 
those  of  lower  latitudes  (see  next  section). 

Correlation  and  Age 

Notwithstanding  the  fact  that  the  faunas  are  distinctly  cosmopolitan  in  general 
aspect,  the  planktonic  component  shows  clearly  that  they  are  removed  from  the 
Tethyan  mainstream  of  rich  and  diversified  planktonic  faunas.  There  are  plenty  of 
planktonics  in  the  Rivernook  Member,  but  there  are  also  significant  absences  and 
restrictions,  notably  in  the  Globorotalia  velascoensis  and  the  Globorotalia  pseudo- 
menardii  species  groups.  Hence,  some  difficulty  is  to  be  expected  in  correlating 
these  faunas  with  those  of  the  Tethyan  belt  in  which  the  major  advances  in  using 
planktonics  biostratigraphically  have  been  made  (Glaessner  1937,  Bolli  1957). 
Nevertheless,  these  correlations  are  possible.  The  Victorian  Paleocene  is  roughly 
halfway  between  the  sections  in  the  Carnarvon  Basin  in  Western  Australia  and  in 
New  Zealand.  Hornibrook  ( 1958)  has  shown  that  the  New  Zealand  Lower  Tertiary 
can  be  correlated  on  the  basis  of  their  planktonics,  but  studies  published  so  far  do 
not  show  the  refinement  which  has  been  possible  elsewhere.  Thus,  it  is  better  at 
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this  stage  to  work  in  the  other  direction  toward  the  Tethyan  belt.  Obviously  the 
Carnarvon  Basin  faunas  (McGowran,  unpubl.  thesis  1962)  are  pivotal  in  this 
correlation,  as  they  have  been  also  in  re-dating  the  King’s  Park  Shale  as  Paleocene 
(McGowran  1964).  Firstly,  however,  it  can  be  shown  on  the  basis  of  benthonic 
foraminiferal  studies  initiated  by  Brotzen  (1948)  that  the  Victorian  assemblages 
are  Paleocene  in  age. 

The  Pebble  Point  and  Rivernook  faunas,  or  assemblages,  could  be  referred  to 
zonules.  Since  they  are  correlated  with  zones  recognized  from  North  America  to 
Western  Australia  (and  probably  New  Zealand),  ‘Zonules’  are  not  erected.  Partly 
for  the  same  reasons,  but  mainly  because  of  a  pronounced  break  in  continuity, 
Carter’s  sequence  of  ‘faunal  units*  (Carter  1958a,  b;  Glaessner  1959)  is  not 
extended  down  to  the  Paleocene.  So  far  as  we  know  at  present,  no  foraminiferal 
faunas,  apart  from  the  ‘ Cyclammina  facies’,  occur  between  the  Paleocene  and  the 
Upper  Eocene,  where  Carter’s  biostratigraphic  sequence  begins  in  the  Brown’s  Creek 
Clays.  Again,  there  is  no  point  in  discussing  here  the  local  ‘Stages’  which  have 
dominated  thinking  in  the  stratigraphy  of  the  Victorian  Tertiaries.  O.  P.  Singleton 
has  used  informally  the  term  ‘Wangerripian’  for  the  interval  represented  by  the 
Wangerrip  Group  (unpubl.  notes,  ANZAAS  excursion  1954).  When  the  classical 
Stages  based  on  the  basal  Tertiary  of  W.  Europe  are  reconciled  with  the  Tethyan 
planktonic  foraminiferal  zones,  the  Pebble  Point  Formation  and  Rivernook  Mem¬ 
ber  will  be  dated  automatically  in  terms  of  this  framework,  assuming  that  the 
correlations  discussed  below  are  correct.  It  is  arguable  that  local  Stages  will 
continue  to  be  useful,  but  this  aspect  is  outside  the  scope  of  the  present  study. 

Benthonics  and  General  Faunal  Aspect 

The  large  number  of  species  listed  in  Table  1  as  known  from  the  Paleocene 
outside  Australia  suggests  automatically  that  these  faunas  are  likely  to  be  Paleocene 
in  age.  On  the  other  hand,  the  ranges  of  most  of  these  species,  and  their  relation¬ 
ships  to  Maastrichtian  and  particularly  Eocene  species  are  unknown.  Of  the 
species  in  common  with  the  King’s  Park  Shale,  10  have  been  listed  in  the  paper 
in  press  as  giving  special  support  to  the  correlation  of  these  faunas. 

The  Paleocene  of  Victoria  can  be  correlated  with  the  Paleocene  of  N.  and  C. 
Europe  and  the  Midway,  etc.,  of  the  Gulf  and  Atlantic  Coasts  of  North  America, 
on  the  basis  of  the  following  species  in  particular: 

Citharina  plumoides  (Plummer) 

Lamarckina  rugulosa  Plummer 
Ceratobulimina  westraliensis  Parr 
Ceratobulimina  jutlandica  Troelsen 

The  well-known  correlation  of  the  Scandinavian  and  Gulf  Coast  Paleocene  by 
Brotzen  (1948)  was  based  mostly  on  ‘Epistominidae’,  among  which  Brotzen 
regarded  two  species,  Lamarckina  naheolensis  Cushman  &  Todd  and  Cerato¬ 
bulimina  perplexa  (Plummer),  as  guide  fossils. Apart  from  relatively  minor  modi¬ 
fications,  this  correlation  still  stands.  It  has  been  extended  subsequently  into  Poland, 
where  the  stratigraphic  importance  of  Lamarckina  rugulosa  has  been  recognized 
(Brotzen  &  Pozaryska  1957,  1961;  Pozaryski  &  Pozaryska  1960). 

Ceratobulimina  westraliensis  overlaps  morphologically  both  C.  perplexa  and 
C.  tuberculata  Brotzen.  While  there  is  some  doubt  about  the  mutual  systematic 
relationships  of  the  three  forms  (see  also  Troelsen  1954),  the  species  group,  or 
superspecies,  is  restricted  to  the  Paleocene  in  the  Northern  Hemisphere  (above 
ref.,  see  also  Page  1959,  Morozova  1960).  In  the  Indo-Pacific  region,  the  only 
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similar  species  known  is  Ceratobulimina  lornensis  Finlay  (Upper  Eocene,  New 
Zealand)  which,  according  to  Dr  N.  de  B.  Homibrook  (pers.  comm.),  is  distinct 
from  C.  westraliensis.  Ceratobulimina  jutlandica  is  known  only  from  the  Paleocene 
of  Denmark  (Troelsen  1954);  and  Lamarckina  rugulosa ,  as  noted,  is  a  Paleocene 
guide  fossil.  Lamarckina  naheolensis  also  has  been  emphasized  as  such  (Pozaryski 
&  Pozaryska  lx.,  and  ref.),  but  its  relationship  to  the  Eocene  species  Lamarckina 
cristellaroides  (Terquem)  (Kaasschieter  1961)  needs  clarification. 

It  may  be  noted  that  these  aragonitic  species  have  been  used  to  distinguish  the 
Paleocene  from  the  Danian  as  mentioned  earlier.  Pozaryski  &  Pozaryska  (1960) 
support  this  procedure  which  was  introduced  by  Brotzen  (1948).  They  have  con¬ 
cluded  that  these  species  are  not  facies  fossils  in  Poland. 

The  presence  of  Lamarckina  and  Ceratobulimina  in  the  two  Wangerrip  Group 
faunas  accordingly  dates  these  faunas  as  Paleocene.  This  is  an  example  of  a  global 
correlation  by  means  of  benthonic  smaller  Foraminifera,  in  which  the  equatorial 
belt  plays  no  part  for  biogeographic  reasons  already  discussed  tentatively  under 
‘Some  Aspects  of  Biogeography’.  Admittedly,  this  correlation  is  neither  so  refined 
as  one  based  on  planktonic  species  (see  below),  nor  based  even  broadly  on  a 
phyletic  scheme  in  which  ancestors  and  descendants  are  known.  But  it  is  perfectly 
valid  in  the  absence  of  evidence  to  the  contrary;  and  it  suggests  that  such  forms 
can  be  more  than  mere  ‘facies  fossils’  useful  only  for  local  correlation,  as  often 
stated  a  priori ,  particularly  since  the  rise  in  biostratigraphic  status  of  the  plank¬ 
tonic  Foraminifera. 

Biostratigraphic  Standard 

The  zone  sequence  worked  out  in  Trinidad  by  Bolli  ( 1957)  has  been  confirmed 
elsewhere  by  subsequent  studies.  Other  systems  in  use  can  be  reconciled  more  or 
less  with  Bolli’s  sequence,  which  is  given  here  as  modified  slightly  by  Berggren  (pre¬ 
print  kindly  made  available  by  Dr  Berggren) : 

G.  velascoensis  subzone 

Globorotalia  velascoensis 
Zone 

.  G.  pseudomenardii  subzone 

Globorotalia  pusilla  pusilla 
-  G.  angulata  Zone 

Globorotalia  uncinata  Zone 

Globigerina  daubjergensis 

- Globorotalia  trinidadensis  Zone 

It  is  accepted  by  most  but  not  all  workers  that  this  sequence  spans  the  Dano- 
Paleocene  interval.  However,  the  major  problems  of  the  Danian  stage  and  the 
upper  boundary  of  the  Paleocene  in  terms  of  these  zones  are  of  no  direct  concern 
here. 

The  Paleocene  sequence  on  the  Giralia  Anticline  in  the  Carnarvon  Basin 
(McWhae  et  al.  1958,  McGowran,  unpubl.  1962),  from  the  Boongerooda  Green¬ 
sand  up  to  and  including  the  Cashin  Calcarenite,  is  correlated  with  the  G.  pseudo¬ 
menardii  subzone,  apart  from  an  important  thin  layer  at  the  base  of  the  Boon¬ 
gerooda  Greensand.  The  G.  pseudomenardii  subzone  is  present  also  in  a  thicker 
subsurface  sequence  under  Cape  Range  to  the  NW.,  where  it  is  overlain  by 
G.  velascoensis  subzone  equivalents.  This  succession  is  represented  only  by  three 
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cores  (courtesy  of  Dr  J.  R.  H.  McWhae  and  West  Australian  Petroleum  Pty 
Ltd),  and  it  will  be  seen  below  that  the  gap  is  important  in  the  present  context. 

Pebble  Point  Formation 

Globorotalia  chapmani  is  represented  in  the  Pebble  Point  Formation  by  a 
distinctive  morphotype  (see  ‘Notes  on  Species’).  This  form  has  been  called  Globo¬ 
rotalia  ehrenbergi  Bolli  (Bolli  1957,  Bolli  &  Cita  1960a,  b,  von  Hillebrandt  1962) 
and  G.  haunsbergensis  Gohrbandt,  though  Gohrbandt  (1963)  regards  these  as 
distinct.  Whatever  its  name,  it  is  an  older  form  than  G.  pseudomenardii  and  clearly 
ancestral  to  this  species.  It  occurs  in  the  G.  pusilla  pusilla — G.  angulata  Zone  of 
Trinidad  (Bolli  1957)  and  N.  Italy  (Bolli  &  Cita  1960a,  b),  and  its  equivalents  in 
the  Salzburg  region  of  the  Alpine  chain  (von  Hillebrandt  1962,  Gohrbandt  1963). 
The  same  form,  identified  as  G.  pseudomenardii  by  Loeblich  &  Tappan  (1957, 
PI.  45),  is  found  in  the  Matthews  Landing  Marl  member  of  the  Porter’s  Creek 
Clay,  Alabama,  again  equivalent  to  the  G.  pusilla  pusilla — G.  angulata  Zone 
(Berggren,  in  press)  and  preceding  the  first  appearance  of  true  G.  pseudomenardii . 
In  the  Carnarvon  Basin,  this  morphotype  occurs  at  the  base  of  the  Boongerooda 
Greensand,  transitional  to  the  G.  pseudomenardii  subzone. 

The  Pebble  Point  Formation  is  correlated  on  this  evidence  with  the  G.  pusilla 
pusilla — G.  angulata  Zone  of  the  Tethyan  region.  The  other  species  present 
(Table  1)  neither  support  nor  contradict  this  conclusion. 

Rivernook  Member 

The  more  diversified  Rivernook  Member  fauna  can  be  considered  in  three 
parts,  one  of  which  suggests  correlation  with  the  Giralia  Anticline  sequence  in  the 
Carnarvon  Basin,  a  second  which  indicates  that  the  Member  is  somewhat  younger 
in  age,  and  a  third  indicating  a  general  Upper  Paleocene  (G.  velascoensis  Zone) 
age. 

In  the  first  category  we  have — 

Globorotalia  imitata  Subbotina 
Globorotalia  pusilla  laevigata  Bolli 
Globorotalia  chapmani  Parr 
Globorotalia  pseudomenardii  Bolli. 

G.  imitata  differs  somewhat  from  the  Boongerooda  Greensand  assemblage  (see 
‘Notes  on  Species’)  but  includes  typical  specimens.  G.  imitata  is  not  known  from 
above  the  Paleocene.  The  single  specimen  of  G.  pusilla  laevigata  indicates  a  cor¬ 
relation  with  the  G.  pseudomenardii  subzone  (Bolli  1957,  Bolli  &  Cita  1960a,  b), 
but  the  species  group  is  represented  in  the  Giralia  Anticline  by  the  apparently 
distinct  G.  aff.  convexa  Subbotina.  The  other  species  are  rare  in  the  Rivernook 
Member.  They  suggest  a  correlation  with  the  G.  pseudomenardii  subzone,  par¬ 
ticularly  since  G.  champani  is  the  same  (apart  from  one  ‘typical’  specimen) 
morphologically  as  in  the  Pebble  Point  Formation. 

Species  occurring  in  the  Rivernook  Member  and  showing  that  it  is  younger 
than  the  Giralia  Anticline  Paleocene  include — 

Globorotalia  aequa  Cushman  &  Renz 
Globigerina  esnaensis  LeRoy 
Chiloguembelina  trinitatensis  (Cushman  &  Renz). 

More  than  any  other  species,  G.  aequa  shows  that  the  Rivernook  Member  is 
younger  than  the  Boongerooda  Greensand,  which  contains  G.  angulata  (White)  and 
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variants,  sensu  Bolli  (1957),  succeeded  by  a  form  transitional  to  (but  distinct 
from)  G.  aequa.  G.  aequa  is  abundant  in  the  highest  subsurface  Paleocene  at  Cape 
Range.  This  succession  agrees  with  results  obtained  elsewhere  (e.g.,  Bolli  1957). 
Globigerina  esnaensis ,  on  the  other  hand,  has  not  yet  been  found  elsewhere  in 
Australia,  at  least  in  the  abundance  and  morphological  variation  of  the  Rivemook 
Member  assemblage.  Specimens  similar  to  the  Acarinina  mckannai  (White)  assem¬ 
blage  of  the  Boongerooda  Greensand  occur,  but  the  group  as  a  whole  is  distinct. 

It  is  typical  of  the  Upper  Paleocene  and  basal  Eocene.  Occasional  specimens  which 
could  belong  here  are  found  with  G.  aequa  at  Cape  Range.  Chiloguembelina 
trinitatensis  is  restricted  to  the  G.  velascoensis  subzone  in  Trinidad  (Beckmann 
1957). 

The  third  component  of  the  Rivernook  Member  planktonic  fauna  includes — 

Globigerina  aff.  G.  linaperta  Finlay 
Globigerina  pseudoiota  Homibrook 
Chiloguembelina  crinita  (Glaessner). 

The  variable  Globigerina  linaperta  species  group  is  known  to  succeed  G.  trilo- 
culinoides  in  several  Paleocene  sequences  (see  discussion  in  ‘Notes  on  Species’);  it 
thus  indicates  an  Upper  rather  than  Lower  Paleocene  age,  as  does  G.  pseudoiota 
(Hornibrook  1958a).  Both  groups  continue  into  the  Lower  Eocene.  Chiloguem¬ 
belina  crinita ,  however,  is  restricted  to  the  Upper  Paleocene  (e.g.,  Beckmann 
1957). 

With  reference  to  the  Carnarvon  Basin  Paleocene,  it  is  clear  that  the  River- 
nook  Member  is  Paleocene,  and  that  it  is  younger  than  the  Boongerooda  Green¬ 
sand  in  the  Giralia  Anticline  (presence  of  G.  aequa ,  C.  trinitatensis ) .  A  correlation 
with  the  highest  Cape  Range  Paleocene  is  supported  by  the  presence  of  G.  aequa 
and  G.  esnaensis ,  which  is  distinct  from  the  older  (in  Western  Australia  at  least) 
G.  mckannai.  But  the  presence  of  G.  imitata  and  a  few  specimens  of  G.  chapmani 
points  to  G.  pseudomenardii  subzone  equivalents,  because  these  species  are  replaced 
in  the  Cape  Range  G.  aequa  assemblage  by  a  large,  closely  related  species  of  the 
group  called  Globanomalina  by  Haque  (1956). 

Accordingly,  we  refer  the  Rivernook  Member  to  the  upper  part  of  the  Globo- 
rotalia  pseudomenardii  subzone  of  the  Tethyan  belt.  No  precise  equivalence  with 
any  Australian  fauna  can  yet  be  demonstrated.  The  abundance  of  G.  esnaensis 
is  the  main  problem  in  this  respect.  The  King’s  Park  Shale  probably  contains  beds 
of  the  same  age  (McGowran,  in  press),  but  this  is  more  by  analogy  than  direct 
correlation.  It  is  desirable,  then,  to  attempt  a  direct  correlation  with  a  described 
fauna.  One  is  found  in  the  United  States  Gulf  Coast  sequence.  The  Nanafalia 
Formation  of  Alabama  (Loeblich  &  Tappan  1957)  contains  G.  esnaensis ,  G.  aequa , 
G.  pseudotopilensis  (Subbotina)  (similar  Rivernook  forms  are  included  in  G. 
aequa),  G.  pseudomenardii ,  G.  chapmani ,  and  C.  crinita,  among  other  species. 
The  Nanafalia  is  not  Lower  Eocene,  as  stated  by  Loeblich  &  Tappan,  but  Paleocene 
(Bramlette  &  Sullivan  1961,  Gartner  &  Hay  1962,  Berggren,  in  press);  moreover, 
it  represents  the  upper  part  of  the  G.  pseudomenardii  subzone  in  the  Alabama 
Paleocene  sequence.  Similarly,  direct  correlations  of  the  Rivernook  Member  with 
other  formations  or  stratigraphic  intervals  are  possible,  but  not  so  clear  as  with  the 
Nanafalia  Formation. 

Age  of  the  Wangerrip  Group 

The  independent  correlation  of  the  Pebble  Point  Formation  with  the  G.  pusilla 
pusilla — G.  angulata  Zone,  and  the  Rivernook  Member  with  the  upper  part  of  the 
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G.  pseudomenardii  subzone  in  the  G.  velascoensis  Zone,  is  supported  internally  ih 
so  far  as  the  faunas  are  separated  stratigraphically  and  distinct  in  aspect,  and  occur 
m  an  apparently  continuous  sequence.  The  Pebble  Point  Formation  is  Middle 
Paleocene,  and  the  Rivernook  Member  Upper  Paleocene,  in  age.  The  Rivernook 
Member  lies  approximately  halfway  up  the  Wangerrip  Group  section.  If  this 
section  is  continuous,  as  suggested  by  Baker  (l.c.)  and  supported  by  Harris  (l.c.)s 
then  there  is  no  reason  why  the  remainder  of  the  Group,  up  to  and  including  the 
Prince  town  Member,  is  not  also  Paleocene  (mostly  equivalent  to  the  G.  velascoensis 
subzone).  Harris  already  had  suggested  this,  partly  on  the  basis  of  the  correlations 
discussed  in  this  paper.  The  Wangerrip  Group,  as  defined  in  outcrop  by  Baker 
(1953),  can  be  regarded  as  entirely  Paleocene  in  age. 

Notes  on  Species 

Most  of  the  species  found  are  listed  below  in  the  same  order  as  in  Table  1. 
Synonymies  are  abbreviated,  with  references  leading  into  the  literature  being 
emphasized.  The  order  of  the  genera  follows,  so  far  as  possible,  the  order  of 
presentation  in  Pokorny’s  'Principles  of  Zoological  Micropalaeontology’  (English 
Ed.,  Pergamon  Press  1963).  A  classification  is  not  given  because  this  paper  is  not 
concerned  with  classification  as  such.  However,  the  results  of  special  studies  of  two 
groups  in  particular,  Baggatella  sp.  nov.  and  Epistominella ,  and  Lamarckina  and 
Ceratobulimina ,  will  be  presented  elsewhere. 

Also,  the  problems  of  the  Cibicididae  and  the  Globorotaliidae  must  be  con¬ 
sidered  against  a  background  broader  than  this  paper  can  give.  These  groups  ar^ 
being  studied  as  parts  of  the  Australian  Maastrichtian  and  Paleocene  faunas  io 
general.  In  the  following  text,  notes  on  descriptive  and  comparative  morphology  are 
listed  under  ‘Remarks’  rather  than  ‘Description* * 7.  Comparative  material  referred  to 
below  comes  mainly  from  the  collections  of  M.  F.  Glaessner  (designated  MFG); 
other  comparative  material  is  acknowledged  where  invoked. 

Haplophragmoides  sp.  sp. 

Remarks:  Two  specimens  from  the  Pebble  Point  Formation  are  coarse- 
textured;  a  fragment  from  the  Rivernook  Member  has  a  finer  texture.  Probably  they 
are  two  different  species  of  Haplophragmoides.  Taylor  (1965)  has  studied  Haplo - 
phragmoides  in  the  richer  and  better  preserved  subsurface  material. 

Textularia  midwayana  Lalicker 
(Fig.  1) 

Textularia  midwayana  Lalicker  1935,  Contr.  Cush.  Lab.  For.  Res.  11:  49,  PI.  6,  fig.  7-9. 

Remarks:  The  Pebble  Point  specimens  agree  closely  with  the  description  and 
figures  given  by  Lalicker.  They  have  the  growth  and  form  and  relatively  smooth 
texture  which,  according  to  Lalicker,  distinguish  this  species  from  the  closely 
related  Textularia  plummerae  Lalicker.  This  distinction,  but  also  the  close  relation¬ 
ship,  is  shown  by  many  specimens  of  Textularia  plummerae  var.  arkansasana 


Fig.  1 — 1,  2,  Textularia  m  id  way  ana  Lalicker;  3,  Dentalina  cf.  D.  plummerae  Cush¬ 

man;  4,  5,  Dentalina  aff.  D.  eocenica  Cushman;  6,  Dentalina  glaessneri  ten  Dam; 

7,  Dentalina  insulsa  Cushman;  8,  Dentalina  colei  Cushman  &  Dusenbury;  9,  Dentalina 
sp.;  10,  Nodosaria  latejugata  Giimbel;  11,  Nodosaria  cf.  N.  longiscata  d’Orbigny; 
12,  Dentalina  soluta  Reuss.  1-3,  5-9,  12:  Pebble  Point  Formation,  4,  10,  11:  Rivernook 
Member.  Scale  at  lower  right  for  all  fig.  except  1,  2,  9,  for  which  scales  with 

0-25  mm  intervals  are  given. 
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Fig.  1 
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Cushman  (Midway,  Arkansas;  MFG).  They  have  a  consistently  coarser  texture 
and  the  chambers  tend  to  be  slightly  higher. 

Occurrence:  Pebble  Point  Formation  (6  specimens). 

Nodosaria  latejugata  Giimbel 
(Fig.  1) 

Nodosaria  latejugata  Giimbel — Cushman  1951,  p.  23,  PI.  7,  fig.  1,  2  (synonymy) — Pozaryska 
1957,  P-  67,  PL  9,  fig.  11,  12;  Fig.  11. 

Nodosaria  sp.  aff.  raphanistrum  (Linne)— Parr  1938,  p.  77. 

Remarks:  The  globular  chambers  and  constricted  sutures  are  reflected  faith¬ 
fully  by  the  profile  of  the  heavy  costae.  Such  forms  are  widespread  in  the  Upper 
Cretaceous  and  Lower  Tertiary,  and  have  been  recorded  under  various  names. 

Occurrence:  Pebble  Point  Formation  (about  10  fairly  good  specimens); 
Rivemook  Member  (about  20);  plus  several  single  chambers  in  both  faunas. 

Nodosaria  spinosa  Olsson 
Nodosaria  spinosa  Olsson  1960,  p.  18,  PI.  3,  fig.  8  (synonymy). 

Occurrence:  Pebble  Point  Formation  (3  specimens). 

Nodosaria  cf.  N.  longiscata  d’Orbigny 
(Fig.  1) 

Nodosaria  longiscata  d’Orbigny — Parr  1938,  p.  77. 

Occurrence:  Pebble  Point  Formation  (1  fragment);  Rivernook  Member 
(fragments  very  common). 

Dentalina  soluta  Reuss 
(Fig.  1) 

Dentalina  soluta  Reuss— Parr  1938,  p.  76  (synonymy)— Hornibrook  1961,  p.  45,  PI.  6,  fig.  90 
(synonymy). 

Remarks:  The  fragments  could  also  be  referred  to  Dentalina  catenula  Reuss 
(Pozaryska  1957,  Cushman  1946,  and  ref.  therein). 

Occurrence:  Pebble  Point  Formation  (fragments;  about  9  specimens). 

Dentalina  colei  Cushman  &  Dusenbury 

(Fig.  1) 

Dentalina  colei  Cushman  &  Dusenbury— Parr  1938,  p.  76,  PI.  1,  fig.  8  (synonymy)— Cushman 
1951,  p.  19,  PL  6,  fig.  8-10  (synonymy) — von  Hillebrandt  1962,  PL  2,  fig.  37  (synonymy). 
Remarks:  Apart  from  being  small  (up  to  0  8  mm)  the  specimens  seem  to  be 
typical.  Some,  however,  resemble  Dentalina  eocenica  Cushman  (see  Cushman 
1951),  and  there  are  some  doubtful  fragments  present. 

Occurrence:  Pebble  Point  Formation  (14  specimens);  Rivernook  Member 
(13  specimens). 

Dentalina  cf.  D.  plummerae  Cushman 
(Fig.  1) 

cf.  Dentalina  plummerae  Cushman — Cushman  1951,  PL  6,  fig.  11-15  (synonymy) — Haque 
1956,  p.  79,  PI.  13,  fig.  13,  14  (synonymy). 

Dentalina  consobrina  d’Orbigny — Parr  1938,  p.  76. 

Remarks:  2  broken  specimens,  and  several  in  the  King’s  Park  Shale,  resemble 
this  form.  It  is  not  clear  how  D.  plummerae  differs  from  D .  consobrina ;  the  name 
of  the  Paleocene  forms  is  used. 

Occurrence:  Pebble  Point  Formation  (2  specimens). 
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Dentalina  aff.  D.  eocenica  Cushman 
(Fig.  1) 

Dentalina  eocenica  Cushman — Cushman  1951,  p.  22,  PI.  6,  fig.  30-33  (synonymy). 

Remarks:  The  specimens  agree  with  D.  eocenica  except  in  being  much  larger. 
D.  eocenica  reaches  0  85  mm  in  length  (Cushman  l.c.).  The  largest  complete 
specimen  from  Victoria  is  about  2  mm;  and  broken  chambers  suggest  that  the  form 
reached  more  than  3  mm.  The  large  Thanetian  form  identified  as  Dentalina 
lorneiana  d’Orbigny  (Haynes  1958)  is  very  similar  but,  in  this,  the  sutures  are 
depressed  throughout  growth,  whereas  they  are  mostly  flush  in  the  present  species. 

Occurrence:  Pebble  Point  Formation  (27  specimens);  Rivemook  Member 
(9  specimens). 

Dentalina  glaessneri  ten  Dam 

(Fig.  1) 

Dentalina  glaessneri  ten  Dam — Haynes  1958,  p.  66,  PI.  16,  fig.  3-3h  (synonymy). 

Remarks:  This  species  has  depressed,  oblique  sutures  and  a  protruding  aper¬ 
ture.  Cushman  (1951)  has  recorded  similar  forms  from  the  Gulf  Coast  Paleocene 
as  Dentalina  cf.  D.  mucronata  Neugeboren  and  Dentalina  cf.  D.  pauperata 
d’Orbigny. 

Occurrence:  Pebble  Point  Formation  (6  specimens).  About  10  specimens 
from  the  Rivemook  Member  doubtfully  belong  here. 

Dentalina  sp. 

(Fig.  1) 

Remarks:  The  chambers  are  very  elongate,  and  the  sutures  are  very  oblique. 
Occurrence:  Pebble  Point  Formation  (2  specimens). 

Dentalina  insulsa  Cushman 
(Fig.  1) 

Dentalina  insulsa  Cushman — Cushman  1951,  p.  20,  PI.  6.  fig.  16,  17  (synonymy). 
Marginulina  costata  Batsch — Plummer  1927,  p.  107,  PI.  5,  fig.  8. 

Dentalina  fissicostata  G umbel — Parr  1938,  p.  76. 

Remarks:  The  most  prominent  character  is  the  ‘thin,  highly  elevated,  delicate 
riblets’  (Plummer  1927,  p.  108)  that  give  the  test  a  strongly  twisted  appearance. 
These  ‘riblets’,  variable  in  height  and  spacing,  are  more  or  less  symmetrical  about 
a  plane  including  the  eccentrically  placed  aperture;  though  the  bifurcation  is  less 
pronounced  than  shown  by  Plummer,  and  may  be  almost  absent.  Broken  specimens 
in  which  the  ornamentation  does  not  mask  the  sutures  are  similar  to  the  distal  ends 
of  the  types  of  Dentalina  insulsa ,  in  which  Cushman  (1951)  included  Plummer’s 
Marginulina  costata. 

Occurrence:  Pebble  Point  Formation  (13  specimens). 

Robulus  pseudomamilligerus  (Plummer) 

(Fig.  2) 

Robulus  pseudomamilligerus  (Plummer) — Haque  1956,  p.  64,  PI.  28,  fig.  3,  PI.  34,  fig.  7 
(synonymy) — Lys  1961,  p.  55,  PI.  1,  fig.  1  (synonymy) — von  Hillebrandt  1962,  p.  55, 
PI.  3.  fig.  17  (synonymy) — Schmid  1962,  p.  325,  PI.  2,  fig.  2  (synonymy). 

Remarks:  Published  figures  and  descriptions,  as  well  as  comparative  material 
(MFG)  from  the  Dano-Paleocene  of  Arkansas  and  Austria  (Schmid  l.c.),  show 
that  this  species  varies  somewhat  in  inflation  and  chamber  count.  The  few  Pebble 
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Fig.  2 — 1,  2,  Robulus  reussi  Haque;  3-7,  Robulus  discus  Brotzen;  8,  Robulus  pseudo- 
mamilligerus  (Plummer).  2,  4,  8:  Pebble  Point  Formation.  1,  3,  5-7:  Rivernook 
Member.  All  scales  with  0-5  mm  intervals. 
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Point  specimens  available  are  more  inflated  than  the  originals  (Midway,  Texas; 
Plummer  1927)  and  there  are  7-8  chambers  instead  of  9-11  in  the  final  whorl. 
But  there  is  little  doubt  that  this  species,  which  occurs  also  in  the  Boongerooda 
Greensand,  is  R.  pseudomamilligerus. 

Occurrence:  Pebble  Point  Formation  (5  specimens).  2  of  these  have  much 
reduced  ribs. 

Robulus  reussi  Haque 

(Fig.  2) 

Robulus  reussi  Haque  1956,  p.  66,  PI.  28,  fig.  4  (synonymy). 

Lenticulina  ( Robulus )  warmani  (Barbat  &  von  Estorff) — Parr  1938,  p.  74,  PI.  1,  fig.  2. 

Remarks:  Most  specimens  are  smooth,  compressed  and  discoidal,  with  7  or 
8  chambers  in  the  final  whorl  separated  by  reclined,  more  or  less  curved  sutures. 
The  apertural  face  is  outlined,  usually,  by  marginal  ridges.  Of  these  forms  almost 
all  are  less  than  0-7  mm  max.  diam.,  but  may  reach  0  95  mm  (broken  specimen). 
A  few  in  the  Rivernook  Member,  apparently  intergrading  with  the  smaller  forms, 
have  prominent  thickened  sutures.  The  largest  is  1  25  mm  max.  diam. 

Specimens  figured  by  Haque  (l.c.)  have  8-9  chambers  in  the  final  whorl  instead 
of  10-11  as  stated  in  his  description.  The  Australian  Paleocene  specimens,  par¬ 
ticularly  those  with  reclined  and  fairly  straight  sutures  (Fig.  2,  see  also  specimen 
figured  by  Parr  l.c.)  agree  closely  with  Haque’s  species  (from  the  Laki,  West 
Pakistan).  Those  with  raised  sutures  approach  Robulus  midwayensis  (Plummer) 
which  has  more  chambers  per  whorl. 

Occurrence:  Pebble  Point  Formation  (96  specimens);  Rivernook  Member 
(44  specimens). 

Robulus  discus  Brotzen 

(Fig.  2) 

Robulus  discus  Brotzen  1948,  p.  42,  PI.  7,  fig.  3-5;  Fig.  7 — Pozaryska  1957,  p.  130,  Fig.  29 — 
Hofker  1958,  Nat.  Maand.  47  (5-6):  64,  Fig.  9. 

Remarks:  Relatively  small  specimens  in  the  Pebble  Point  Formation  are  very 
similar  to  Brotzen’s  (l.c.)  Fig.  7.  The  wall  is  smooth  or  has  some  transverse  ribs. 
In  the  Rivernook  Member  the  tests  become  larger  (max.  diam.  2  3  mm,  but  large 
specimens  all  broken)  and  very  variable.  The  earlier  forms  are  still  present,  and 
may  be  flanged;  but  most  have  an  axial  complex  of  nodular  or  linear-transverse 
ornamentation,  which  may  also  be  extended  to  form  ribbed  sutures  and  an  irregular 
periphery  (Fig.  2). 

The  strong  ornamentation  and  presence  of  a  flange  in  some  specimens  suggest 
Robulus  klagshamnensis  Brotzen.  However,  the  chamber  count  (6-8)  and  the 
similarity  of  the  smoother  specimens  indicate  a  closer  relationship  to  Robulus 
discus . 

Occurrence:  Pebble  Point  Formation  (7  specimens);  Rivernook  Member 
(35  specimens). 

Astacolus  aff.  A.  gladius  (Philippi) 

(Fig.  3) 

Astacolus  gladius  (Philippi) — von  Hillebrandt  1962,  p.  57,  PI.  3,  fig.  32-34,  36,  37  (synonymy). 
Marginulina  jarvisi  Cushman — Cushman  1946,  p.  63,  PI.  22,  fig.  18-20  (synonymy). 
Marginulina  sp. — Parr  1938,  p.  74,  PI.  1,  fig.  3. 

Remarks:  The  apertural  face  usually  is  well  rounded;  some  specimens,  with 
better-defined  apertural  face,  are  very  close  to  the  coiled  forms  included  in 
Saracenaria  aff.  S.  hantkeni  Cushman.  The  Victorian  Paleocene  lacks  the  cur- 
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Fig.  3 — 1-4,  Saracenaria  aff.  S.  hantkeni  Cushman.  Pebble  Point  Formation.  5-9, 
Astacolus  aff.  A.  gladius  (Philippi).  5,  6,  King’s  Park  Shale;  7-9,  Pebble  Point 

Formation. 
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vilinear  adult  forms  which  are  found  in  the  King’s  Park  Shale  (Fig.  3,  see  also 
Parr  l.c.). 

This  species  is  referred  to  A.  gladius  through  comparison  with  the  broader 
forms  figured  by  Cushman  (l.c.)  and  von  Hillebrandt  (l.c.).  The  narrower  and 
relatively  more  elongate  forms  at  the  other  extreme  of  variation,  which  are  closest 
to  the  originals  (Cat.  Foram.),  do  not  occur  in  the  Australian  faunas. 
Occurrence:  Pebble  Point  Formation  (25  specimens). 

Saracenaria  aff.  S.  hantkeni  Cushman 
(Fig.  3) 

Saracenaria  hantkeni  Cushman — Haque  1956,  p.  76,  PI.  25,  fig.  5  (synonymy). 

Remarks:  Most  of  the  Pebble  Point  specimens  are  coiled  completely;  in  only 
three  is  the  basal  suture  above  the  previous  whorl.  But  it  seems  that  these  forms 
intergrade.  While  the  more  advanced  forms  compare  very  closely  with  the  holotype 
of  Saracenaria  arcuata  (d’Orb.)  var.  hantkeni  Cushman  (Upper  Eocene,  Gulf 
Coast),  the  identification  remains  tentative  with  so  many  specimens  in  the  Lenti- 
culina  stage  of  growth. 

Occurrence:  Pebble  Point  Formation  (35  specimens). 

Citharina  plumoides  (Plummer) 

(PI.  1,  fig.  16;  Fig.  4) 

Vaginulina  plumoides  Plummer  1927,  p.  113,  PI.  6,  fig.  6. 

Citharina  plumoides  (Plummer) — Brotzen  1948,  p.  45,  PI.  5,  fig.  4,  5  (synonymy) — Olsson 
1960,  p.  19  (synonymy). 

Vaginulina  subplumoides  Parr  1938,  p.  75,  PI.  1,  fig.  7. 

Remarks:  In  the  Australian  Paleocene  this  species  reaches  about  2  5  mm  in 
length.  The  outline  of  the  test  varies  considerably,  as  shown  in  Fig.  4.  There  is 
some  variation  in  the  longitudinal  costae  but,  usually,  they  are  prominently 
developed.  The  Pebble  Point  specimens  compare  excellently  with  the  holotype  and 
other  King’s  Park  Shale  specimens  of  Vaginulina  subplumoides  Parr. 

According  to  Parr  (l.c.)  Vaginulina  subplumoides  differs  from  V.  plumoides 
‘in  its  broader  outline  and  differently  shaped  early  portion’.  But  Parr  had  only 
5  specimens,  and  the  initial  end  of  the  holotype  is  broken  (Fig.  4  H).  The  speci¬ 
mens  figured  show  clearly  the  concave  initial  end  which  Brotzen  (l.c.)  has  noted 
as  the  character  distinguishing  C.  plumoides  from  closely  related  forms.  Also, 
variation  in  breadth  of  the  specimens  overlaps  figured  C.  plumoides  completely. 

The  Midway  specimen  available  (MFG)  has  less  well  developed  costae  than 
any  of  the  Australian  specimens  available.  Plummer  (l.c.)  has  noted  considerable 
variation  in  this  character  in  the  Midway,  and  on  fragments  of  C.  plumoides  from 
other  Midway  samples  the  costae  are  well  developed.  Plummer  gives  the  test  length 
as  up  to  0-8  mm,  which  is  much  less  than  other  records  (greater  than  14  mm 
(Olsson  1960),  2  mm  (ten  Dam  1944)). 

Occurrence:  Pebble  Point  Formation  (20  specimens). 

Citharina  sp.  1 

(Fig.  4) 

Vaginulina  sp. — Parr  1938,  p.  75,  PI.  1,  fig.  4. 

Remarks:  There  are  a  few  compressed,  leaflike  forms  varying  from  elongate 
and  very  flattened  to  broader  and  more  rounded  laterally  in  plan;  and  some  have 
a  swollen  proloculus.  Possibly  more  than  one  species  is  involved. 
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Fig.  4 — Upper,  Citharina  sp.  1,  Pebble  Point  Formation.  Lower,  Citharina  plumoides 
(Plummer);  upper  row,  King’s  Park  Shale  (H,  holotype  of  Citharina  subplumoides 
Parr);  lower  row,  Pebble  Point  Formation.  Both  scales  with  0-25  mm  intervals. 
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Fig.  5 — Vaginulina  longiforma  (Plummer).  Upper  row,  Rivernook  Member;  M, 
Upper  Midway,  Lockhart,  Texas;  others,  King’s  Park  Shale.  Scale  intervals  0-5  mm. 
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Occurrence:  Pebble  Point  Formation  (13  specimens);  Rivernook  Member 
(11  specimens). 

Citharina  sp.  2 

Remarks:  Also  leaflike  in  form,  but  rather  more  robust  than  Citharina  sp.  1, 
and  with  irregular  sutural  ribs,  especially  in  the  earlier  stages. 

Occurrence:  Pebble  Point  Formation  (2  specimens). 


Vaginulina  longiforma  (Plummer) 

(PI.  1,  fig.  15;  Fig.  5) 

Cristellaria  longiforma  Plummer  1927,  p.  102,  PI.  13,  fig.  4. 

Vaginulina  longiforma  (Plummer)— Cushman  1951,  p.  28,  PL  8,  fig.  10-15  (synonymy)— Lys 
1961,  p.  55,  Pl.  2,  fig.  5. 

Marginulina  gladius  Philippi — Parr  1938,  p.  74,  Pl.  1,  fig.  5. 

Remarks:  The  specimens  agree  well  with  the  published  figures,  and  they  vary 
in  the  way  outlined  by  Plummer  (l.c.)  for  the  originals  in  the  Upper  Midway  of 
Texas.  The  Midway  specimen  figured  here  (Lockhart,  Texas;  MFG)  has  a  larger 
proloculus  than  those  figured  by  Cushman  or  Plummer. 

Many  excellently  preserved  specimens  of  Vaginulina  longiforma  occur  in  a 
sample  from  King’s  Park  bore  No.  2,  150  ft,  assembled  by  Parr  after  writing  his 
paper.  They  are  distinguished  from  Marginulina  gladius  by  their  ribbed  and  less 
inclined  sutures. 

While  Vaginulina  longiforma  is  a  widely  distributed  Paleocene  species,  similar 
or  perhaps  even  identical  forms  occur  also  in  the  Eocene.  (See  e.g.,  Vaginulinopsis 
saundersi  (Hanna  &  Hanna)  of  Beck  1943,  /.  Paleont.  17:  598.) 

Occurrence:  Rivernook  Member  (18  specimens). 


Marginulina  jacksonensis  (Cushman  &  Applin) 

(Fig.  6) 

Marginulina  jacksonensis  (Cushman  &  Applin) — Bandy  1949,  p.  47,  PL  6,  fig.  7  (synonymy) 
— Haque  1956,  p.  73,  PL  12,  fig.  7,  PL  13,  fig.  9  (synonymy). 

Remarks:  The  initial  coil  is  compressed  with  a  subacute  margin  and  the  adult 
chambers  are  inflated.  This  species  is  rare  in  the  Victorian  Paleocene,  but  the 
available  specimens  are  well-preserved  and  agree,  apart  from  having  perhaps  a 
slightly  larger  coil,  with  M.  jacksonensis. 

M.  jacksonensis  was  described  from  the  Jackson  Eocene  of  the  Gulf  Coast; 
Haque’s  records  are  from  the  lower  Laki  (late  Paleocene  or  early  Eocene)  of  West 
Pakistan. 

Occurrence:  Pebble  Point  Formation  (3  specimens). 


Marginulina  hamulus  Chapman 
(Fig.  6) 

Marginulina  hamulus  Chapman — Pozaryska  1957,  p.  107,  PL  11,  fig.  9  (synonymy). 
Marginulina  hamuloides  Brotzen — von  Hillebrandt  1962,  p.  58,  PL  3,  fig.  27  (synonymy). 
Marginulina  subbullata  Hantken — Parr  1938,  p.  75,  PL  1,  fig.  6. 

Remarks:  The  Australian  Paleocene  specimens  are  very  variable  but  most  of 
them  have  distinctly  oblique  sutures.  For  this  reason  they  are  placed  in  M.  hamulus , 
of  which  Pozaryska  (l.c.)  regards  M.  hamuloides  as  a  junior  synonym.  Von  Hille¬ 
brandt  (l.c.),  in  turn,  has  referred  M.  subbullata  Hantken  of  Mallory  1959  (Lower 
Tertiary,  California)  to  M.  hamuloides.  The  group  is  common  in  the  Tertiary  as 
well  as  in  the  Cretaceous  and,  as  noted  by  Parr  (l.c.),  the  ‘species’  intergrade. 
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Fig.  6 — 1,  2,  Pseudonodosaria  manifesta  (Reuss);  1,  Rivernook  Member;  2,  King’s 
Park  Shale.  3,  Marginulina  atlantisae  (Cushman);  Rivernook  Member.  4,  5,  Mar- 
ginulina  jacksonensis  (Cushman  &  Applin);  Pebble  Point  Formation.  6-8,  Marginulina 
hamulus  Chapman;  6,  Pebble  Point  Formation;  7,  8,  Rivernook  Member.  All  scales 

with  0  25  mm  intervals. 
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Occurrence:  Pebble  Point  Formation  (20  specimens);  Rivernook  Member 
(27  specimens). 


Marginulina  atlantisae  (Cushman) 

(Fig.  6) 

Vaginulina  atlantisae  Cushman  1939,  Contr.  Cush.  Lab.  For.  Res.  15:  59,  Pl.  10,  fig.  23-26. 
Marginulina  sp.  B— Cushman  1951,  p.  18,  PI.  5,  fig.  32,  33. 

Remarks:  The  few  specimens  found  show  most  of  the  variation  noted  by 
Cushman.  Specimens  with  large  proloculus  are  inflated,  whereas  the  presumably 
microspheric  form  is  compressed  laterally.  The  later  chambers  may  be  smooth 
mstead  of  hispid,  and  the  ornamentation  may  be  in  distinct  rows. 

Occurrence:  Rivernook  Member  (12  specimens). 


Pseudonodosaria  manifesta  (Reuss) 

(Fig.  6) 

Pseudoglandulina manifesta  (Reuss)— Cushman  1946,  p.  76,  PI.  27,  fig.  20-26  (synonymy)— 
Pozaryska  1957,  p.  93,  PI.  9,  fig.  7  (synonymy). 

Nodosaria  radicula  (Linne)— Parr  1938,  p.  77,  PI.  1,  fig.  10. 

Remarks:  The  indifferent  present  material,  and  excellent  King’s  Park  Shale 
material,  agree  with  the  specimens  of  Pseudoglandulina  manifesta  figured  by 
Cushman  (l.c.).  J 

Occurrence:  Pebble  Point  Formation  (4  specimens);  Rivernook  Member 
(5  specimens). 


Rectoglandulina  clarkei  (Parr) 

Pseudoglandulina  clarkei  Parr  1938,  p.  77,  PI.  1,  fig.  11. 

Occurrence:  Pebble  Point  Formation  (5  specimens);  Rivernook  Member 
(2  specimens). 


Lagena,  etc. 

Assorted  unilocular  forms  referred  to  Lagena ,  Fissurina ,  and  Ramulina  are 
thefaun  ^ave  importance  apart  from  adding  to  the  diversity  of 


Polymorphinidae 

,  d1  sPec™ens>  the  Polymorphinidae  are  an  important  component  of 

the  Pebble  Point  Formation  fauna.  They  are  much  less  common  in  the  Rivernook 
Member.  A  preliminary  study,  the  results  of  which  are  given  in  Table  1,  demon¬ 
strates  this  drastic  decrease.  Probably  there  are  two  species  in  each  of  the  groups 
listed  as  Guttulina  problema  d'Orbigny  and  Guttulina  lactea  (Walker  &  Jacob). 
Forms  included  here  in  the  Guttulina  problema  species  group  are  similar  to 
Guttulina  irregularis  (d’Orbigny)  of  Parr  (1938),  from  the  King’s  Park  Shale; 
Qay^rCS^n  ^  ^  Crespin  1955)  has  identified  this  form  in  the  Dilwyn 

Bulimina  esnaensis  LeRoy 
(PI.  1,  fig.  10) 

Bulimina^esnaensis  LeRoy  1953,  p.  20,  PI.  6,  fig.  11,  12— von  Hillebrandt  1962,  p.  76,  PI.  5, 

Remarks:  This  species  is  small,  smooth  and  club-shaped,  with  three  chambers 
per  whorl  throughout.  It  is  rare  in  the  Pebble  Point  fauna,  but  good  specimens  are 
found  also  in  the  King’s  Park  Shale  and  commonly  in  the  Boongerooda  Greensand. 
Occurrence:  Pebble  Point  Formation  (5  specimens). 
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Bulimina  cf.  B.  parvula  (Brotzen) 

(PI.  1,  fig.  11) 

cf.  Buliminella  parvula  Brotzen  1948,  p.  57,  PI.  10,  fig.  3,  4. 

Remarks:  In  this  minute  and  inflated  form  there  are  4  or  even  5  chambers  in 
the  initial  whorl  but  only  3  in  the  later  stage,  whereas  there  are  4  throughout  in 
Brotzen’s  species.  Hofker  (Nat.  Maandblad  49:  1-2,  1960)  has  suggested  that 
Bulimina  (Praebulimina)  parvula  may  be  the  same  as  Bulimina  navarroensis 
Cushman  &  Parker,  but  the  holotype  of  the  latter  is  slightly  more  elongate  and 
club-shaped. 

Occurrence:  Rivemook  Member  (8  specimens). 

Bulimina  aff.  B.  trigonalis  ten  Dam 

Bulimina  trigonalis  ten  Dam — von  Hillebrandt  1962,  p.  78  (synonymy). 

Remarks:  The  single  specimen  belongs  certainly  to  this  group,  if  not  to  this 
particular  species.  The  group,  which  is  transitional  in  form  between  Bulimina  and 
Reussella  (Brotzen  1948,  Hofker  1957),  is  common  in  the  Paleocene;  von  Hille¬ 
brandt  (l.c.)  includes  B.  thanetensis  Cushman  &  Parker  and  B.  rosenkrantzi 
Brotzen  in  B.  trigonalis. 

Occurrence:  Pebble  Point  Formation  (1  specimen). 

Bulimina  aff.  B.  minuta  (Marsson) 

Bulimina  minuta  (Marsson) — von  Hillebrandt  1962,  p.  77,  PI.  5,  fig.  20  (synonymy). 

Remarks:  A  few  small  specimens  of  the  same  species  group  as  Bulimina 
trigonalis ,  but  with  thinner  walls  and  finer  pores,  are  close  to  B.  minuta.  However, 
the  edges  of  the  test  are  rather  more  rounded  than  in  B.  minuta ;  thus,  the  speci¬ 
mens  may  be  closer  to  B.  paleocenica  Brotzen.  The  sutures  in  this  species,  on  the 
other  hand,  are  depressed  (Brotzen  1948;  compare  the  two  species,  especially  in 
Vassilenko  1950,  Mikrojauna  SSSR  Sb.  4,  PL  4). 

Occurrence:  Rivernook  Member  (4  specimens). 

Buliminella  westraliensis  Parr 
Buliminella  westraliensis  Parr  1938,  p.  80,  PI.  2,  fig.  3,  4. 

Remarks:  A  single  specimen  is  sufficiently  close  to  the  types  from  the  King’s 
Park  Shale  to  be  referred  to  B.  westraliensis . 

Occurrence:  Rivernook  Member  (1  specimen). 

Praeglobobulimina  quadrata  (Plummer) 

(PL  1,  fig.  8) 

Bulimina  ( Ellipsobulimina )  quadrata  Plummer  1927,  p.  72,  PL  4,  fig.  4,  5. 

Remarks:  The  identity  of  this  species  is  in  some  doubt.  These  large  but 
delicately  constructed  forms  appear  in  the  late  Cretaceous  (Bulimina  kicka - 
pooensis  Cole)  and  are  common  in  the  Paleocene. 

Some  of  the  specimens  from  the  Rivernook  Member  agree  with  Bulimina 
quadrata  (Midway,  Arkansas;  MFG)  in  the  general  form  of  the  megalospheric  and 
microspheric  tests,  but  the  typical  terminal  aperture  is  rare.  In  most,  the  aperture 
is  basal,  though  constricted  at  the  base.  These  resemble  Bulimina  kugleri  Cushman 
&  Renz  1942,  and  especially  the  early  Tertiary  form  identified  widely  as  Bulimina 
ovata  d’Orbigny  (see  ref.  in  Brotzen  1948).  Haynes  1954  (Contr.  Cush.  Found. 
For .  Res.  5)  found  that  the  Thanetian  ovata  is  inseparable  from  topotypes 
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(Miocene,  Vienna  Basin).  Just  how  the  Paleocene  species  differ  from  each  other 
is  not  clear;  nor  is  it  clear  how  much  change  occurred  subsequently  in  test  form 
and  toothplate  structure.  Haynes  studied  the  latter  in  some  detail  and  referred 
Bulimina  ovata  to  Praeglobobulimina  Hofker.  The  Rivernook  Member  species  has 
a  closely  similar  structure.  However,  the  name  based  on  a  Paleocene  form  is  used 
for  the  time  being. 

Occurrence:  Rivernook  Member  (51  specimens). 

Baggatella  sp.  nov. 

(PL  1,  fig.  12) 

Baggatella  sp.  nov.  Glaessner  &  Parr,  in  Baker  1943,  p.  252. 

Remarks:  Structural  studies  indicate  that  this  species  is  related  closely  to  the 
two  species  of  Epistominella  (see  below).  The  structure  and  classification  of 
Baggatella  and  Epistominella  will  be  published  separately. 

Baggatella  sp.  nov.  is  one  of  the  oldest  known  species  of  Baggatella.  The  other 
species  known,  including  the  type  species  Baggatella  inconspicua  Howe,  are 
mainly  Eocene  or  Oligocene  in  age;  Baggatella  calif ornica  Mallory  1959  is  recorded 
from  the  Paleocene  and  Eocene  of  California.  Among  these  species,  the  Victorian 
species  resembles  most  Baggatella  inconspicua  subsp.  densa  N.  K.  Bykova  (in 
Mjatliuk  1953)  from  the  Middle  Eocene  of  Central  Asia.  This  form  is  more  inflated 
and  less  wedge-shaped,  and  the  aperture  is  more  curved. 

Occurrence:  Pebble  Point  Formation  (78  specimens). 

Epistominella  cf.  E.  vitrea  Parker 
(PI.  1,  fig.  14) 

cf.  Epistominella  vitrea  Parker  1953,  Contr .  Cush.  Found.  For.  Res.  Spec.  Publ.  2:  9,  PI.  4, 

fig.  34-36 — Haynes  1956,  p.  88,  PI.  16,  fig.  11. 

Remarks:  This  species  varies  considerably  in  the  form  of  the  test.  Most  speci¬ 
mens,  including  the  one  figured,  have  inflated  chambers  with  depressed  sutures  and 
the  test  is  broadly  rounded  in  profile.  Others,  less  common,  have  flush  sutures  on 
the  spiral  side  and  the  periphery  is  sharper,  in  these  specimens  the  apertural  face 
marginal  to  the  aperture  is  folded  more  tightly,  recalling  the  tectum  of  Alabamina. 
Indeed,  the  test  is  remarkably  similar  in  gross  form  to  the  test  of  Alabamina. 

The  species  is  less  common  in  the  Pebble  Point  Formation,  and  the  variation 
range  is  less.  In  the  Rivernook  Member  it  becomes  more  common  and  the  less 
inflated  variants  appear;  there  appears  to  be  complete  intergradation. 

Some  of  the  specimens  resemble  closely  the  Thanetian  species  identified  by 
Haynes  (l.c.)  as  Epistominella  vitrea.  Specimens  of  E.  vitrea,  available  through 
the  kindness  of  Dr  F.  L.  Parker  (La  Jolla,  California),  certainly  are  very  similar 
in  general  form  to  the  Paleocene  species.  The  toothplates  have  not  yet  been 
compared  in  detail.  According  to  Haynes,  the  Oligocene  Pseudoparrella  oveyi 
Bhatia  is  a  probable  synonym  of  E.  vitrea. 

Occurrence:  Pebble  Point  Formation  (40  specimens);  Rivernook  Member 
(207  specimens). 

Epistominella  cf.  E.  minuta  (Olsson) 

(PI.  1,  fig.  13) 

cf.  Pseudoparrella  minuta  Olsson  1960,  p.  40,  PI.  6,  fig.  7-9. 

Remarks:  This  species  is  very  similar  to  the  variants  of  E.  cf.  vitrea  with 
sharper  periphery.  On  the  whole,  it  is  more  discoidal  in  overall  form,  and  the  axial 
depression  is  reduced  or  absent,  being  replaced  by  an  often  distinct  plug  of  trans- 
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lucent  secondary  wall  thickening.  Also,  there  are  7  to  9  chambers  in  the  outer 
whorl. 

Epistominella  sp.  is  less  common  than  E.  cf.  vitrea  and  occurs  only  in  the 
Rivemook  Member,  that  is,  together  with  the  variants  of  the  latter  which  it 
resembles  closely. 

Pseudoparrella  minuta  (Paleocene,  New  Jersey)  is  very  close  to  this  form,  but  it 
appears  to  have  a  distinct  axial  depression  without  the  translucent  filling  of 
secondary  material. 

Occurrence:  Rivernook  Member  (29  specimens). 

Kolesnikovella  angusta  sp.  nov. 

(PI.  1,  fig.  1-3) 

Angulogerina  aff.  elongata  (Halkyard) — Glaessner  &  Parr,  in  Baker  1943,  p.  252. 

Description:  Test  slender  and  becoming  very  elongate;  initial  part  circular  or 
subtriangular  in  section,  tapered  bluntly;  adult  stage  with  sides  subparallel  or 
tapering  slightly  toward  distal  end.  Chambers  at  first  arranged  compactly  with 
3  per  whorl;  coiling  much  looser  later  with  chambers  offset  strongly  along  axis  but 
still  ‘triserial’  in  adult;  divided  into  three  prominent  lobes  with  sutures  sinuous  and 
excavated,  giving  tests  a  strongly  sculptured  appearance.  Wall  thin,  rather  finely 
perforate;  surface  polished,  may  be  very  finely  striate  at  initial  end.  Aperture 
terminal  and  prominent  with  strongly  developed  lip  above  toothplate  suture  and 
tightly  infolded  fixed  edge.  Length  up  to  0  42  mm. 

Remarks:  Like  others  in  this  group,  the  species  varies  in  the  relative  thickness 
of  the  test.  There  is  also  some  variation  in  the  lobateness  of  the  adult  chambers 
and  the  sinuosity  of  the  sutures.  The  lobes  are  of  unequal  size,  with  the  largest 
opposite  the  toothplate  suture.  This  lobe  usually  is  divided  into  two  or  three  sub¬ 
sidiary  lobes. 

The  name  Kolesnikovella  is  used  only  tentatively.  The  Uvigerinids  badly  need 
comprehensive  revision  along  the  lines  indicated  by  Hofker  (1951)  and  others, 
that  is,  with  more  emphasis  on  the  toothplate.  In  the  several  Australian  Paleocene 
species  known,  the  apertural  free  lip  basically  is  semicircular;  the  other  half  of  the 
roughly  circular  apertural  border  is  infolded  to  form  a  twisted  toothplate  (rather 
than  folded  as  in  the  buliminids)  which  attaches  to  the  preceding  free  lip,  as  well 
as  to  the  lateral  wall  at  the  toothplate  suture  which  runs  diagonally  from  below 
one  end  of  the  free  lip  to  the  basal  chamber  suture.  The  infolded  part  of  the 
apertural  border  tends  to  become  blurred,  especially  in  K.  angusta ,  by  an 
extension  of  the  thickened  rim  to  form  a  complete  circle.  Thus  is  derived  the 
prominent,  protruding  rim  of  Kolesnikovella  elongata  (Halkyard)  (see  below)  and 
other  forms. 

Parr  intended  to  publish  this  new  form  as  Angulogerina  elongata  (Halkyard) 
var.  angusta  nov.  He  noted  (unpubl.)  that  it  is  more  slender  than  Tritaxia  elongata 
from  the  Middle  Eocene,  Biarritz,  France  (Halkyard,  Mem.  Proc.  Manchester  Lit. 
Philos.  Soc.  1917-1918);  see  also  Cushman  &  Edwards  1937.  Also,  however,  T. 
elongata  has  a  more  distinct  lip,  and  the  chambers  apparently  are  not  trilobed  to 
the  same  extreme  though  the  sutures  may  be  very  sinuous.  These  characters  are 
shown  especially  in  the  specimen  figured  by  N.  K.  Bykova  &  Voloschinova  (in 
Rausr-Chernoussova  &  Fursenko  1959,  fig.  793);  Tritaxia  elongata  is  the  type 
species  of  Kolesnikovella  N.  K.  Bykova  1958. 

Parr  (unpubl.)  distinguished  the  species  also  from  his  King’s  Park  Shale  species 
Angulogerina  subangularis,  though  his  prepared  samples  of  the  latter  fauna  show 
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that  he  lumped  the  two  species  together  in  his  earlier  study  (Parr  1938).  K . 
angusta  reaches  0  60  mm  max.  length  in  the  King’s  Park  Shale.  Certainly  it  is 
related  very  closely  to  A.  subangularis.  It  is  more  elongate,  and  the  sculpturing  is 
much  stronger  because  the  chamber  lobes  are  more  pronounced.  A.  subangularis 
is  more  distinctly  triangular  in  section;  the  chambers  are  lobed  but  the  largest  lobe 
is  rarely  subdivided;  and  though  the  sutures  may  be  strongly  sinuous,  there  is 
relatively  little  undercutting  on  the  faces  of  the  test.  Also,  A.  angusta  has  a  more 
prominent  lip  and  apparently  slightly  coarser  perforation. 

Occurrence:  Pebble  Point  Formation  (85  specimens);  Rivemook  Member 
(115  specimens). 

‘Angulogerina’  subangularis  Parr 
Angulogerina  subangularis  Parr  1938,  p.  80,  PI.  2,  fig.  6. 

Remarks:  A  few  poorly  preserved  specimens  can  be  separated  from  the  larger 
group  of  K.  angusta.  The  comparison  above  of  the  two  species  was  based  on  King’s 
Park  Shale  and  Boongerooda  Greensand  assemblages  of  *A*  subangularis  which  is 
common  in  both  formations. 

Occurrence:  Rivemook  Member  (9  specimens). 

‘Angulogerina’  europaea  Cushman  &  Edwards 
Angulogerina  europaea  Cushman  &  Edwards  1937,  Contr.  Cush.  Lab.  For.  Res.  13:  61,  PI.  8, 
fig.  17,  18 — Schmid  1962,  p.  334,  PI.  4,  fig.  7  (synonymy). 

Remarks:  Only  one  specimen  has  been  found,  but  it  compares  well  with  speci¬ 
mens  (MFG)  from  the  Bruderndorf  Feinsand,  Austria  (see  Schmid  l.c.),  and  with 
the  literature  on  the  species. 

Occurrence:  Rivemook  Member  (1  specimen). 

Bolivina  sp. 

Remarks:  There  are  two  poorly  preserved  specimens  of  a  small,  regular 
Bolivina  which  may  be  close  to  Bolivina  parvissima  Subbotina. 

Occurrence:  Rivemook  Member  (2  specimens). 

Stainforthia  cf.  S.  wiicoxensis  (Cushman  &  Ponton) 

(PI.  1,  fig.  9) 

cf.  Virgulina  wilcoxensis  Cushman  &  Ponton  1932,  p.  67,  PI.  8,  fig.  22 — Cushman  1951,  p.  42, 

PI.  12,  fig.  8,  9  (synonymy). 

Remarks:  Several  specimens  of  an  enigmatic  Bolivina- like  species,  with  thin 
walls  and  somewhat  inflated  chambers  usually  in  a  twisted  biserial  mode  of  growth, 
are  referred  tentatively  to  this  species.  It  is  not  clear  whether  one  or  two  species 
are  present,  and  more  material  is  needed  to  settle  this  point.  Most  specimens  are 
distinctly  biserial,  either  tapered  strongly  and  twisted  distinctly,  or  cigar-shaped 
with  larger  proloculus.  The  latter  are  close  to  Virgulina  sandegreni  (Brotzen  1948) 
from  the  Swedish  Paleocene.  However,  two  are  more  irregular,  especially  in  the 
early  part  of  the  test.  These  specimens  in  particular  resmble  closely  examples  of 
Virgulina  wilcoxensis  examined  from  the  lower  Wilcox  at  Ozark,  Alabama  (MFG). 
The  aperture  is  figured  misleadingly  in  the  apertural  view  of  the  holotype  (Cush¬ 
man  &  Ponton  l.c.);  it  is  elongate,  constricted  at  the  base,  and  has  a  distinct  lip. 
According  to  Cushman  (1951  and  ref.)  the  species  is  widespread  in  the  Gulf 
Coast  Paleocene. 

Occurrence:  Pebble  Point  Formation  (7  specimens);  Rivemook  Member 
(14  specimens). 
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Bolivinoides  oedumi  (Brotzen) 

(PI.  1,  fig.  6) 

Bolivina  odumi  Brotzen  1948,  p.  65,  PI.  9,  fig.  3,  4. 

Bolivinoides  cf.  oedumi  (Brotzen) — von  Hillebrandt  1962,  p.  71,  PI.  5,  fig.  14  (synonymy). 

Remarks:  A  few  specimens  appear  to  belong  to  this  species,  which  according 
to  Hofker  (1957)  is  one  of  the  final  species  in  the  mainly  Upper  Cretaceous  group 
of  Bolivinoides  delicatula  Cushman.  It  was  described  first  from  the  Paleocene  of 
Scandinavia,  but  Hofker  has  recorded  it  from  the  late  Maastrichtian  of  NW. 
Germany  and  Holland. 

Occurrence:  Pebble  Point  Formation  (10  specimens);  Rivernook  Member 
(1  specimen). 

Spirobolivina  emmendorferi  (Jennings) 

(PI.  1,  fig.  4,  5) 

Spiroplectoides  emmendorferi  Jennings  1936,  Bull.  Amer.  Paleont.  23  (78):  26,  PI.  3,  fig.  8. 
Bolivinopsis  emmendorferi  (Jennings) — Olsson  1960,  p.  27,  PI.  4,  fig.  7. 

Spirobolivina  scanica  (Brotzen) — Hofker  1955,  Rep.  McLean  Foram.  Lab.  2:  8,  PI.  5. 
Bolivinopsis  crespinae  Parr  1938,  p.  81,  PI.  3,  fig.  il. 

Remarks:  In  his  unpublished  notes,  Parr  compared  the  single,  somewhat 
distorted  specimen  available  with  Spiroplectoides  emmendorferi  without  mentioning 
his  own  Bolivinopsis  crespinae .  Several  specimens  now  available  show  that  the 
Pebble  Point  form  is  the  same  as  B .  crespinae ,  the  holotype  and  other  specimens  of 
which  have  been  studied.  Both  forms  vary  in  that  the  initial  coil,  with  7  or  8 
chambers,  is  either  distinguished  clearly  in  profile  by  a  slight  constriction  at  the 
beginning  of  the  adult  series,  or  else  this  constriction  is  absent.  The  Pebble  Point 
specimens  are  longer  (max.  length  0  26  mm)  and  have  up  to  about  4  pairs  of 
chambers  in  the  biserial  stage.  In  two  specimens  the  plane  of  biseriality  has 
rotated  to  a  position  perpendicular  to  the  plane  of  the  initial  coil. 

The  initial  coil  may  bulge  slightly,  but  less  than  in  the  specimen  of  Spirobolivina 
scanica  figured  by  Hofker  (l.c.),  which  Olsson  (l.c.)  regards  as  belonging  to 
Bolivinopsis  emmendorferi.  Otherwise  it  seems  clear,  particularly  from  the  figure 
of  B.  emmendorferi  given  by  Olsson,  that  this  species  from  the  Paleocene  of  North 
America  is  the  same  as  the  Australian  Paleocene  species.  According  to  Olsson,  it 
is  distinguished  from  Bolivinopsis  scanica  Brotzen  1948  (Paleocene,  Scandinavia) 
‘by  its  smaller  size,  more  compressed  test,  and  shorter  biserial  section’.  However, 
two  specimens  from  the  Lellinge  Greensand  of  Denmark  (MFG)  show  that  the 
relationship  of  Bolivinopsis  scanica  to  the  North  American  and  Australian  Pale¬ 
ocene  forms  is  very  close  indeed. 

The  Upper  Eocene  ‘ Bolivinopsis  crespinae  Parr’  of  some  authors  (e.g.,  Carter 
1958)  in  fact  is  not  this  species.  It  is  an  elongate,  non-lamellar,  finely  agglutinated 
form,  resembling,  in  its  slender,  extensive  biserial  part  and  distinct  coil,  Boli¬ 
vinopsis  cubensis  (Cushman  &  Bermudez)  of  Hornibrook  (1961). 

Occurrence:  Pebble  Point  Formation  (23  specimens). 

Tappanina  selmensis  (Cushman) 

(PI.  1,  fig.  7) 

Bolivinita  selmensis  Cushman  1933,  Cont.  Cush.  Lab.  For.  Res.  9:  58,  PI.  7,  fig.  3,  4. 
Tappanina  selmensis  (Cushman) — von  Hillebrandt  1962,  p.  72,  PI.  5,  fig.  12  (synonymy) — 
Schmid  1962,  p.  334,  PI.  6,  fig.  10  (synonymy). 

Remarks:  The  specimens  at  hand  agree  well  with  published  descriptions  and 
figures,  and  also  with  excellent  material  (MFG)  from  the  Brudemdorf  Feinsand, 
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Austria  (see  Schmid  l.c.).  Various  authors  have  noted  the  occurrence  of  this 
ubiquitous  species  both  in  the  late  Cretaceous  and  the  early  Tertiary.  T.  selmensis 
is  found,  rarely,  in  the  Maastrichtian  and  Paleocene  of  the  Carnarvon  Basin. 

Occurrence:  Pebble  Point  Formation  (5  specimens);  Rivernook  Member 
(51  specimens). 

Stilostomella  plummerae  (Cushman) 

Stilostomella  plummerae  (Cushman) — von  Hillebrandt  1962,  p.  86,  PI.  6,  fig.  13  (synonymy) 
— Schmid  1962,  p.  331,  PI.  3,  fig.  2  (synonymy). 

Remarks:  A  study  of  material  (MFG)  from  the  Midway  of  Arkansas  and  the 
Bruderndorf  Feinsand,  Austria,  has  shown  that  two  specimens  belong  here. 
S.  plummerae  is  found  also  in  the  Boongerooda  Greensand. 

Occurrence:  Rivernook  Member  (2  specimens). 

Cassidulina  cf.  C.  subglobosa  Brady 

cf.  Cassidulina  subglobosa  Brady  1881,  Quart.  J.  Micr.  Soc.  21:  60. 

Cassidulina  sp. — Parr  1938,  p.  81,  PI.  2,  fig.  7. 

Remarks:  A  single  specimen  appears  to  agree  with  an  inflated  Cassidulina 
which  is  common  in  the  Brown’s  Creek  Clays  but  very  rare  in  the  King’s  Park 
Shale  and  Boongerooda  Greensand. 

Occurrence:  Pebble  Point  Formation  (1  specimen). 

Cassidulina  sp. 

Remarks:  There  are  two  specimens  of  a  minute,  rather  compressed  species 
which  also  occurs  in  the  Brown’s  Creek  Clays. 

Occurrence:  Rivernook  Member  (2  specimens). 

Chilostomella  eocenica  (Cushman) 

Chilostomelloides  eocenica  Cushman — Cushman  1951,  p.  59,  PI.  17,  fig.  4,  5  (synonymy). 

Remarks:  Four  specimens  are  available,  but  none  is  preserved  well  enough 
for  a  specific  determination.  However,  Mr  D.  J.  Taylor  has  kindly  stated  (pers. 
comm.)  that  a  good  series  of  specimens  from  Latrobe  No.  1  Bore  belongs  to 
Chilostomella  eocenica. 

Occurrence:  Rivernook  Member  (4  specimens). 

AUomorphina  allomorphiiioides  (Reuss) 

(PI.  2,  fig.  3) 

AUomorphina  allomorphinoides  (Reuss) — von  Hillebrandt  1962,  p.  89,  PI.  6,  fig.  24 
(synonymy). 

Remarks:  This  widely  recorded  late  Cretaceous  and  early  Tertiary  species 
varies  considerably  in  the  inflation  and  outline  of  the  test  and  in  the  number  of 
chambers  in  the  final  whorl.  It  is  by  no  means  certain  that  one  species  only  is 
involved.  The  same  morphotype  as  the  present  one  is  found  rarely  in  the  Boon¬ 
gerooda  Greensand. 

Occurrence:  Pebble  Point  Formation  (1  specimen). 

Nonionella  cf.  N.  soldadoensis  Cushman  &  Renz 
(Fig.  7) 

cf.  Nonionella  soldadoensis  Cushman  &  Renz  1942,  p.  7,  PI.  2,  fig.  7 — Cushman  1951,  p.  37, 
PI.  11,  fig.  2-4  (synonymy). 

Remarks:  Most  of  the  specimens  of  Nonionella  at  hand  belong  apparently  to 
a  single  but  highly  variable  species  (Fig.  7).  They  all  have  about  8  elongate 
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chambers  in  rapidly  expanding  whorls,  with  the  variation  occurring  in  chamber 
inflation,  as  shown  in  the  outlined  profiles.  A  few  specimens  have  a  well  developed 
lobe  extending  across  the  axis  on  the  ‘ventral’  side.  The  more  flattened  variants 
seem  to  be  close  to  N.  soldadoensis  though  they  are  smaller  (max.  diam.  up  to 
0  30  mm).  Nonionella  africana  LeRoy  (1953)  also  is  very  similar  in  appearance. 
The  more  inflated  variants  recall  the  late  Cretaceous  Nonionella  robusta  Plummer 
1931,  which  is  found  also  in  the  Paleocene  (Schmid  1962,  von  Hillebrandt  1962, 
and  ref.  therein),  and  N.  ovata  Brotzen  (1948)  from  the  Swedish  Paleocene.  The 
specimens  are  not  well  preserved,  and  better  material  is  needed  to  decide  whether 
more  than  one  species  is  present  in  this  group. 

Occurrence:  Pebble  Point  Formation  (2  specimens);  Rivernook  Member 
(46  specimens). 

Nonionella  cf.  N.  insecta  (Schwager) 

(Fig.  7) 

cf.  Nonionella  insecta  (Schwager)— Cushman  1951,  p.  37,  PL  11,  fig.  1  (synonymy)— LeRoy 

1953,  p.  42,  PI.  10,  fig.  15-17. 

Remarks:  A  few  specimens,  also  with  about  8  chambers  in  the  outer  whorl 
and  varying  in  inflation,  appear  to  be  distinguished  from  the  above  species  in  having 
less  elongate  chambers  and  less  rapidly  expanding  whorls.  They  are  close  to 
Nonionella  insecta ,  which  usually  has  more  chambers. 

Occurrence:  Rivernook  Member  (8  specimens). 

Conorbina  Brotzen  1936 

The  two  species  present  belong  to  a  group  which,  on  occasion,  has  been  referred 
also  to  Rosalina  d’Orbigny  (Brotzen  1948,  Hofker  1961)  and  Neoconorbina 
Hof ker.  Oriented  thin  sections  indicate  that  some  at  least  of  this  group  (including 
Conorbina  sp.,  see  below)  are  monolamellid;  Reiss  (1963)  has  stated  that  Rosalina 
is  bilamellid,  and  he  has  given  good  reasons  for  suppressing  Neoconorbina  as  a 
junior  synonym  of  Conorbina.  The  species  accordingly  are  referred  to  Conorbina . 
But  it  must  be  emphasized  that  the  structural  diversity  of  this  group  is  not  well 
known.  For  instance,  there  are  two  closely  similar  species  in  the  Boongerooda 
Greensand,  one  of  which  has  radiate  texture,  and  the  other  granulate.  Again,  thin 
sections  and  broken  specimens  have  not  clearly  confirmed  the  nature  (or  even  the 
existence)  of  the  toothplates  whose  presence  is  an  important  element  in  the 
diagnosis  of  the  Conorboididae  (Reiss  l.c.). 

Conorbina  sp. 

(PI.  2,  fig.  1,  2) 

Description  :  ( 1 )  In  early  stages,  test  lenticular  to  almost  planoconvex,  margin 
acute;  6  to  8  chambers  in  each  of  3  to  4  narrow  whorls,  sutures  flush  or  slightly 
depressed;  umbilicus  constricted,  shallow,  blocked  by  secondary  accretion  at  depth 
and  even  in  last  whorl,  umbilical  depression  slight.  (2)  In  final  stages,  test  inflated 
with  rounded  and  lobate  periphery,  about  5  relatively  large  chambers  in  whorl  with 
depressed  sutures,  chambers  overlapping  previous  whorl  strongly  on  spiral  side, 
umbilical  depression  more  pronounced  and  secondary  thickening  less  pronounced. 
Wall  monolamellid,  radiate,  surface  polished,  pores  fine,  initially  on  umbilical  side 
only  but  spreading  to  spiral  side  later.  Aperture  basal,  extending  from  axis  to 
poorly  developed  infra-marginal  sulcus.  Max.  diam.  first  growth  stage  0  20  mm, 
second  growth  stage  0  26  mm. 
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Remarks:  The  change  in  chamber  form  and  therefore  test  form  is  sudden 
during  growth.  The  data  on  wall  structure  and  umbilical  filling  were  obtained  from 
thin  sections  of  specimens  from  the  Boongerooda  Greensand,  where  this  species  is 
Wre  common,  though  the  inflated  final  stage  has  not  been  found. 

The  species  perhaps  is  new.  It  occurs  in  the  Dano-Paleocene  in  Austria  (MFG). 
\t  can  be  distinguished  from  Upper  Cretaceous  species  described  as  ‘ Discorbis ’ 
by  Schijfsma  (1946),  and  from  the  Lower  and  Middle  Tertiary  species  described 
^s  ‘Rosalind’  by  Brotzen  (1948),  Hofker  (1961),  and  Hornibrook  (1961).  How¬ 
ever,  the  group  is  not  well  known,  and  a  new  name  is  not  introduced  at  this  stage. 

Occurrence:  Pebble  Point  Formation  (42  specimens). 

Conorbina  brotzeni  (Hofker) 

(PI.  2,  fig.  4) 

Rosalind  brotzeni  Hofker  1961,  p.  63,  fig.  3. 

Remarks:  Two  specimens  differ  from  Rosalind  brotzeni  only  in  having  appar¬ 
ently  a  more  acute  margin  and  flush  sutures.  The  species  has  a  prominent  aperture 
With  anterior  lobe,  tenon,  and  posterior  lobe  (see  Brotzen  1948).  With  about 
4  chambers  per  whorl  and  their  apertures  remaining  open,  the  umbilical  opening 
assumes  the  form  of  a  highly  distinctive  cross. 

C.  brotzeni  was  described  from  the  lower  Paleocene  of  Holland.  Occasional 
specimens  similar  to  the  Pebble  Point  form  have  been  found  in  the  Boongerooda 
Greensand. 

Occurrence:  Pebble  Point  Formation  (2  specimens). 

Alabamina  westraliensis  (Parr) 

(PI.  2,  fig.  8;  Fig.  7) 

Pulvinulinella  obtusa  (Burrows  &  Holland)  var.  westraliensis  Parr  1938,  p.  84,  PI.  3,  fig.  1. 
Alabamina  wilcoxensis  Toulmin  1941,  p.  603,  PI.  81,  fig.  10-14;  Fig.  4. 

Description:  Parr’s  description  of  the  King’s  Park  Shale  species  has  been 
overlooked  by  most  students.  In  his  unpublished  notes,  Parr  identified  the  Victorian 
species  as  A.  westraliensis.  The  original  description  is  given  here  in  full: 

Test  small,  biconvex,  the  dorsal  side  less  convex  than  the  ventral,  peripheral 
margin  subacute  and  sometimes  slightly  lobulated;  chambers  few,  distinct,  usually 
six  in  the  last-formed  whorl;  sutures  distinct,  on  the  dorsal  side  very  oblique,  almost 
straight,  ventrally  nearly  radial  and  a  little  depressed,  beginning  from  a  small  filled 
umbilicus;  wall  smooth,  comparatively  thick;  aperture  on  the  ventral  side  of  the 
peripheral  face,  elongate,  nearly  parallel  to  the  plane  of  coiling.  Diameter  up  to 
0  36  mm;  height  to  0  25  mm.’  (Parr  1938,  p.  84.)  (King’s  Park  Shale  material 
now  available  ranges  up  to  0  48  mm  max.  diam.) 

Variation  :  Several  profiles  of  the  King’s  Park  Shale  A .  westraliensis  are  given 
in  Fig.  7  for  comparison  with  the  Victorian  Paleocene  samples,  with  which  the 
overlap  is  almost  complete.  In  all  species  of  Alabamina  the  profile  is  the  most 
significant  view  though,  in  A .  westraliensis ,  the  periphery  may  become  lobate  due 
to  irregular  growth. 

Relationships:  It  is  clear  that  the  name  of  the  type  species,  Alabamina 
wilcoxensis  Toulmin  should  be  suppressed  as  a  junior  synonym  of  A.  westraliensis 
with  which  it  is  contemporaneous  over  at  least  most  of  its  range.  Both  Parr  and 
Toulmin  included  Pulvinulina  exigua  (Brady)  var.  obtusa  Cushman  &  Ponton 
(1932)  ( non  Burrows  &  Holland  1897)  in  the  respective  synonymies.  Specimens 
from  the  Salt  Mountain  Limestone  and  the  Lower  Wilcox  of  Alabama  (courtesy  of 
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Professor  L.  D.  Toulmin,  Tallahassee,  Florida)  agree  excellently  with  the  Aus¬ 
tralian  material,  as  does  examined  material  (MFG)  from  the  Paleocene  of  Austria 
and  India. 

Toulmin  (1941)  distinguished  A.  wilcoxensis  from  the  older  species  in  the 
Midway  of  Texas  (Plummer  1927);  and  Brotzen  (1948)  confirmed  this  distinc¬ 
tion,  calling  the  older  species  A.  midwayensis.  These  studies  have  been  supported 
fully  by  a  comparison  of  A .  westraliensis  with  A .  midwayensis  from  the  Paleocene 
of  Arkansas.  They  show  clearly  the  importance  of  both  the  time  factor  and  the 
population  basis  for  species  differentiation  within  this  rather  conservative,  slowly 
evolving  group.  Thus,  we  reject  Haynes’s  (1956)  suggestion  that  A.  midwayensis 
be  suppressed,  with  part  of  the  assemblages  referred  to  A.  obtusa  (Burrows  & 
Holland)  (Thanetian,  England)  and  part  to  A.  wilcoxensis.  A.  obtusa  is  contem¬ 
poraneous  in  part  with  A.  westraliensis  but  much  more  restricted  geographically. 

There  is  a  similar  problem  of  Alabamina  systematics  in  the  S.  Indo-Pacific 
Tertiary.  An  Upper  Eocene  species  in  southern  Australia  has  been  identified  as 
A.  wilcoxensis  by  Crespin  (e.g.,  1956)  and  Carter  (1958a).  Several  specimens  of 
this  form  from  the  Brown’s  Creek  Clays  are  figured  here  (Fig.  7).  Certainly  it  is 
very  close  to  A.  westraliensis.  On  the  whole,  it  has  a  more  acute  periphery  and  a 
more  tightly  folded  tectum  (not  seen  in  profile).  Probably  it  should  be  regarded 
as  distinct  and  perhaps  identified  with  the  Jackson  (Gulf  Coast)  Eocene  species 
Alabamina  scitula  Bandy  1949.  The  same  form  has  been  noted  in  the  Upper 
Eocene  of  South  Australia  and  the  Carnarvon  Basin,  but  there  is  little  hope  of 
finding  a  sequence  transitional  from  the  Paleocene  to  the  Upper  Eocene  in  Aus¬ 
tralia.  The  Upper  Eocene  species  also  is  a  transitional  form,  being  clearly  the 
forerunner  of  the  even  more  angular  and  lenticular,  Oligocene- Miocene  Alabamina 
tenuimarginata  Chapman,  Parr  &  Collins  1934  (7.  Linn.  Soc.  Zool.  38:  565) 
which,  as  Parr  (1938)  already  suggested,  is  derived  from,  /!,  westraliensis.  Indeed, 
Hornibrook  (1961)  gives  the  New  Zealand  range  of  A.  tenuimarginata  as  lower¬ 
most  Eocene  to  Lower  Miocene. 

Occurrence:  Pebble  Point  Formation  (28  specimens);  Rivernook  Member 
(62  specimens). 

‘Eponides’  aff,  E.  plummerae  Cushman 
Eponides  plummerae  Cushman  1948 — Olsson  1960,  p.  36,  PI.  5,  fig.  21-23  (synonymy). 

Remarks:  The  2  specimens  available  are  small,  biconvex  with  somewhat 
rounded  periphery,  and  have  about  5  chambers  in  the  last  whorl.  They  belong  to 
the  Eponides  biconvexa  Marie — E.  plummerae  group,  but  are  rather  more  rounded 
in  profile  than  these,  and  have  a  broader  final  whorl.  A  similar  form  occurs  in  the 
Boongerooda  Greensand. 

As  noted  by  Reiss  (1960),  this  species  group,  with  granulate,  monolamellid, 
nonumbilicate  tests,  has  nothing  to  do  with  Eponides  Montfort  or  Neoeponides 
Reiss.  It  is  related  closely  to  Alabamina. 

Occurrence:  Rivernook  Member  (2  specimens). 

Osangularia  plummerae  Brotzen 

Osangularia  plummerae  Brotzen — von  Hillebrandt  1962,  p.  110,  PI.  9,  fie.  15  (svnonvmvl _ 

Schmid  1962,  p.  343,  PI.  4,  fig.  5  (synonymy). 

Remarks:  Only  3  specimens  have  been  found,  but  the  species  occurs  in  the 
King’s  Park  Shale  and  is  common  in  the  Boongerooda  Greensand. 

Occurrence:  Pebble  Point  Formation  (3  specimens). 
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Siphonina  (Pulsiphonina)  prima  (Plummer) 

Pulsiphonina  prima  (Plummer) — Olsson  1960,  p.  39,  PL  7,  fig.  1-3  (synonymy). 

Siphonina  ( Pulsiphonina )  prima  (Plummer)— Schmid  1962,  p.  344,  PI.  6,  fig.  11  (synonymy). 
Siphonina  sp. — Parr  1938,  p.  85,  PI.  3,  fig.  2. 

Remarks:  A  single  specimen  compares  well  with  examples  from  the  Midway 
of  Texas  (MFG).  Pulsiphonina  prima  occurs  also  in  the  King’s  Park  Shale  and 
Boongerooda  Greensand;  the  Australian  records  add  to  an  already  very  wide 
geographic  distribution  of  this  species. 

Occurrence:  Rivernook  Member  (1  specimen). 

Heronallenia  cf.  H.  parri  Carter 
cf.  Heronallenia  parri  Carter  1958a,  p.  43,  PI.  5,  fig.  43-45  (synonymy). 

Remarks:  Carter  (l.c.)  records  H.  parri  from  the  Calder  River  Limestone,  etc., 
but  not  from  the  Brown’s  Creek  Clays.  However,  a  variable  assemblage,  appar¬ 
ently  including  H.  parri  and  probably  another  species,  has  been  found  in  the  latter 
formation.  5  small  specimens  from  the  Pebble  Point  Formation  resemble  small 
H.  parri ,  but  the  sutures  are  less  thickened.  The  chambers  are  rounded-triangular 
in  plan. 

Occasional  similar  specimens  occur  rarely  in  the  Boongerooda  Greensand  and 
King’s  Park  Shale.  Parr  (1938)  based  his  King’s  Park  species  H.  pusilla  on  one 
distinctive  specimen;  more  and  better  material  found  subsequently  supports  the 
holotype  in  the  strongly  crescentic  chambers,  subcircular  outline  and  strongly 
thickened  sutures.  H.  pusilla  seems  to  be  distinct  from  the  present  species,  though 
this  point  needs  further  study. 

Parr  (l.c.)  noted  that  H.  pusilla  apparently  was  the  first  pre-Oligocene  species 
recorded;  and  Hornibrook  (1961)  lists  Heronallenia  from  the  U.  Eocene  of  New 
Zealand.  The  range  is  extended  farther  by  the  present  occurrence  and  by  re-dating 
the  King’s  Park  Shale  as  Paleocene.  Moreover,  Heronallenia  has  been  found  in 
the  Maastrichtian  of  the  Carnarvon  Basin. 

Occurrence:  Pebble  Point  Formation  (5  specimens). 

Gyroidinoides  octocamerata  (Cushman  &  Hanna) 

(PI.  2,  fig.  5) 

Gyroidina  soldanii  (d’Orbigny)  var.  octocamerata  Cushman  &  Hanna  1927,  Calif.  Acad.  Sci., 

Proc.  4:  223,  PI.  14,  fig.  16-18— Parr  1938,  p.  83.  PI.  2,  fig.  14— Toulmin  1941,  p.  600, 

PL  81,  fig.  3-5  (synonymy) — von  Hillebrandt  1962,  p.  108,  PI.  9,  fig.  6  (synonymy). 
Gyroidinoides  soldanii  (d’Orbigny)  var.  octocamerata  (Cushman  &  Hanna) — Brotzen  1948, 

p.  76,  PL  2,  fig.  3. 

Remarks:  This  species  occurs  in  the  Pebble  Point  Formation  but  becomes 
very  abundant  in  the  Rivernook  Member.  The  specimens  appear  to  be  typical, 
agreeing  well  with  figures  and  descriptions  in  the  above  list.  G.  octocamerata 
basically  is  a  more  or  less  planoconvex  form,  as  noted  by  Brotzen  (l.c.),  but  it  is 
well  rounded  in  profile.  The  sutures  are  recurved  and  becoming  depressed.  The 
umbilicus  is  covered  by  a  well  developed  flap  but  secondary  thickening  of  the 
wall  is  not  well  developed  either  around  the  umbilicus  or  within  it  (i.e.,  on  the 
inner  whorls). 

Gyroidinoides  octocamerata  was  described  originally  from  the  Eocene  of 
California;  subsequently  it  has  been  recorded  in  several  Paleocene  assemblages.  It 
occurs  in  the  King’s  Park  Shale  (Parr  l.c.)  and  the  Boongerooda  Greensand. 
Hofker  (1957)  has  identified  G.  octocamerata  in  the  Upper  Cretaceous  of  NW. 
Germany. 


48 


BRIAN  McGOWRAN 


Occurrence:  Pebble  Point  Formation  (about  50  specimens);  Rivernook 
Member  (about  280  specimens).  The  numbers  have  not  been  given  precisely  due 
to  poor  preservation  and  the  difficulty  in  distinguishing  juveniles  from  G.  cf.  G. 
aequilateralis  and  Gyroidinoides  sp.  (see  below). 

Gyroidinoides  cf.  G.  aequilateralis  (Plummer) 

(PI.  2,  fig.  7) 

cf.  Rotalia  aequilateralis  Plummer  1927,  p.  155,  PI.  12,  fig.  3. 

cf.  Gyroidina  aequilateralis  (Plummer) — Cushman  1951,  p.  51,  PI.  14,  fig.  16,  17  (synonymy). 

Remarks:  A  few  specimens  in  the  Rivernook  Member  can  be  distinguished 
from  Gyroidinoides  octocamerata  though  the  relationship  must  be  very  close.  They 
differ  in  having  a  more  constricted  umbilicus  with  stronger  secondary  circum- 
umbilical  thickening,  and  in  lacking  the  depressed  sutures,  except  in  the  umbilical 
area  and  on  the  spiral  side  between  the  final  few  chambers  (the  sutures  tend  to  be 
slightly  raised  on  this  side). 

Specimens  of  G.  aequilateralis  from  the  Upper  Midway  at  Lockhart,  Texas 
(MFG)  have  the  strongly  constricted  umbilicus  with  secondary  thickening.  They 
are  less  convex  on  the  spiral  side  than  the  figured  holotype  (Plummer  l.c.).  The 
Victorian  specimens  have  a  better  developed  apertural  and  umbilical  lip,  and  the 
spiral  side  is  somewhat  lower.  Nevertheless,  they  are  close  to  G.  aequilateralis . 

Gyroidinoides  pontoni  Brotzen  (1948)  probably  also  is  close;  Brotzen  noted 
its  similarity  to  G.  aequilateralis .  Specimens  from  the  Maastrichtian  of  NW.  Ger¬ 
many  which  seem  to  agree  with  G.  pontoni  of  Hofker  (1957)  have  a  more  open 
umbilicus. 

Occurrence:  Rivernook  Member  (about  35  specimens).  See  note  for  G. 
octocamerata . 

Gyroidinoides  sp. 

(PI.  2,  fig.  6) 

Gyroidina  soldanii  (d’Orbigny) — Parr  1938,  p.  83,  PI.  2,  fig.  13. 

Remarks:  An  enigmatic  species  occurring  in  the  Boongerooda  Greensand  and 
King’s  Park  Shale,  as  well  as  in  the  Pebble  Point  Formation,  can  be  distinguished 
from  Gyroidinoides  octocamerata  and  G.  cf.  G.  aequilateralis ,  and  also  from  G. 
subangulata  (Plummer)  in  the  Boongerooda  Greensand.  There  are  up  to  11  cham¬ 
bers  in  the  final  whorl  of  the  largest  specimens  (8  or  9  in  the  Pebble  Point  Forma¬ 
tion),  with  flush  sutures  which  are  almost  radial  on  the  spiral  side.  Like  G.  cf.  G. 
aequilateralis ,  the  umbilicus  is  constricted  strongly,  with  prominent  circumumbilical 
thickening  (axial  thin  sections  show  that  the  umbilicus  becomes  closed  below  the 
outer  whorl),  though  the  apertural  flap  is  not  well  developed  over  the  umbilicus. 
The  umbilical  characters  distinguish  this  species  from  G.  pontoni  and  G.  octo¬ 
camerata  (see  remarks  on  preceding  species),  and  the  sutures  distinguish  it  from 
G.  cf.  G.  aequilateralis . 

The  late  Cretaceous  Gyroidinoides  depressa  (Alth)  (sec  Cushman  1946  and 
synonymy  therein)  has  a  more  compressed  test.  However,  Gyroidina  depressa 
parvula  Weiss  and  Gyroidina  sp.  of  Weiss  (1955),  in  the  Paleocene  of  Peru,  are 
very  similar  in  the  narrow  whorls  and  radial  sutures  on  the  spiral  side.  In  both 
species,  Weiss  has  shown  the  aperture  as  restricted  to  the  mid-base  of  the  apertural 
face,  which  cannot  be  reconciled  with  the  ‘umbilicate’  test. 

Occurrence:  Pebble  Point  Formation  (about  42  specimens).  See  note  on 
G.  octocamerata. 
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Pseudovalvulineria  sp.  nov. 

(PL  3,  fig.  4) 

Remarks:  A  new  species  of  Pseudovalvulineria  from  the  Pebble  Point  Forma¬ 
tion  will  be  described  in  detail  elsewhere.  Parr  (unpubl.  notes)  also  recognized  it 
as  new. 

The  most  closely  related  forms  are  Rotalia  beccariiformis  White  1928,  from 
the  Maastrichtian-Paleocene,  Mexico  and  Trinidad  (Cushman  &  Renz  1946,  Beck¬ 
man  1960),  and  Gyroidina  caucasica  Subbotina  1936,  from  the  U.  Maastrichtian- 
Paleocene,  S.  Russian  and  Russian  Platform  (Mjatliuk  1953,  Vassilenko  1961). 
From  these,  forms  similar  to  which  are  common  in  the  Boongerooda  Greensand, 
the  new  species  is  distinguished  by  the  consistently  strong  overlap  of  the  later 
whorls  on  the  spiral  side,  and  by  the  consistently  early  appearance  and  strong 
development  of  perforation  on  this  side  of  the  test. 

Occurrence:  Pebble  Point  Formation  (53  specimens). 

Anomalinoides  praespissiformis  (Cushman  &  Bermudez) 

(PL  3,  fig.  5) 

Anomalina  praespissiformis  Cushman,  &  Bermudez  1948,  Contr .  Cush.  Lab.  For.  Res.  24:  86, 

PL  15,  fig.  1-3— Schmid  1962,  p.  342,  PL  4,  fig.  11. 

Remarks:  Several  specimens  of  this  species  (MFG)  from  the  Dano-Paleocene 
of  Austria  (Schmid  l.c.)  show  close  agreement  with  the  Pebble  Point  forms.  The 
latter  are,  on  the  whole,  slightly  less  compressed  in  profile,  and  have  less  chambers 
in  the  adult  whorl  (8-10  as  against  10-12);  but  these  differences  are  minor.  The 
assemblages  agree  in  the  much  more  important  characters:  delicate  structure, 
restricted  secondary  accretion  in  the  umbilical  area,  and  relatively  fine  perforation. 
Schmid’s  determination  of  the  species  as  A.  praespissiformis  is  supported. 

The  contemporaneous  forms  Anomalina  desertorum  LeRoy,  from  Egypt  (LeRoy 
1953),  and  Anomalina  welleri  (Plummer)  var.  laevis  Vassilenko,  from  S.  Russia 
(Vassilenko  1961  and  ref.),  almost  certainly  are  junior  synonyms  of  A.  praespissi¬ 
formis.  Anomalinoides  nobilis  Brotzen  (see  below)  is  more  robust,  with  stronger 
secondary  accretion  and  coarser  perforation. 

Occurrence:  Pebble  Point  Formation  (120  specimens);  Rivernook  Member 
(30  specimens). 


Anomalinoides  aff.  A.  nobilis  Brotzen 
(PL  3,  fig.  7) 

Anomalinoides  nobilis  Brotzen  1948,  p.  89,  PI.  19,  fig.  5 — von  Hillebrandt  1962,  p.  112, 

Pl.  9,  fig.  7. 

Remarks:  This  species  is  one  of  the  dominant  faunal  elements  of  the  Pebble 
Point  Formation.  Like  Globorotalia  chapmani  and  Pseudovalvulineria  sp.  nov.,  it 
shows  a  distinct  divergence  from  the  widespread  and  relatively  uniform  typical 
form. 

Anomalinoides  nobilis  occurs  in  the  Boongerooda  Greensand.  Apart  from  having 
10  or  11  chambers  in  the  final  whorl  instead  of  8-10  (Brotzen  l.c.),  it  agrees  in  all 
important  characters  with  specimens  (MFG)  from  the  Paleocene  of  Denmark.  The 
Pebble  Point  form,  however,  becomes  larger  (max.  diam.  0  73  mm  against  0  61 
mm  in  the  Boongerooda  Greensand);  and  prominent  apertural  flaps  are  developed 
on  the  spiral  side  (the  aperture  is  strictly  interiomarginal  and  umbilical  in  typical 
A.  nobilis).  The  umbilical  flaps  also  are  very  large.  Moreover,  secondary  lamellar 
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accretion  is  slightly  more  prominent  along  the  spiral  suture,  and  the  pores  may  be 
larger. 

These  differences  may  justify  the  erection  of  a  new  geographic  subspecies.  The 
assemblage  is  referred  to  A.  nobilis,  undoubtedly  its  closest  relative,  pending 
further  comparative  studies  particularly  of  the  perforation. 

Occurrence:  Pebble  Point  Formation  (204  specimens). 

Anomalinoides  perthensis  (Parr) 

(PI.  3,  fig.  6) 

Anomalina  perthensis  Parr  1938,  p.  85,  PI.  3,  fig.  3. 

Remarks:  Parr’s  description  of  this  species  needs  two  amendments.  Firstly,  the 
wall  is  not  ‘invariably  smooth  ...  on  the  dorsal  side’.  The  juveniles  are  imperforate 
on  the  spiral  side  but  the  adults,  including  the  holotype,  become  perforate. 
Secondly,  the  interiomarginal  and  umbilical  aperture  extends  on  to  the  spiral  side 
in  the  adult.  Thus,  strongly  developed  apertural  flaps  are  seen  on  both  sides  of 
the  test. 

Some  specimens  become  pseudoplanispiral  with  the  spiral  side  almost  involute. 
In  these,  the  umbilical  side  is  distinguished  most  conveniently  by  the  heavier 
secondary  thickening,  which  develops  from  a  circumumbilical  fusion  of  the  earlier 
lips  to  form  a  ring  or  knob,  sometimes  obscuring  the  umbilicus  and  raising  the 
sutures  slightly. 

Anomalinoides  perthensis  is  distinguished  from  A.  aff.  A.  nobilis  and  typical 
A.  nobilis  by  the  stronger  secondary  umbilical  thickening.  It  is  similar  to  A.  aff.  A. 
nobilis  in  having  apertural  flaps  on  the  spiral  side,  but  the  latter  is  perforate  through¬ 
out  growth  on  this  side  of  the  test;  and  in  specimens  of  both  species  with  strong 
spiral  overlap  of  the  chambers,  A.  perthensis  has  much  more  pronounced  secondary 
accretion,  as  in  the  umbilical  region. 

Anomalinoides  pseudowelleri  Olsson  1960  (Paleocene,  New  Jersey)  lacks  the 
apertural  flaps  on  the  spiral  side  and  is  perforate  throughout  on  this  side.  Otherwise, 
especially  in  general  form  and  secondary  wall  thickening,  it  seems  to  be  very  close 
to  A.  perthensis. 

Carter  (1958a)  has  recorded  Anomalina  perthensis  from  the  Upper  Eocene  of 
Victoria.  Abundant  specimens  from  the  Brown’s  Creek  Clays,  presumably  repre¬ 
senting  Carter’s  A .  perthensis ,  do  not  belong  to  this  species,  but  are  very  close  to 
A.  nobilis. 

Occurrence:  Pebble  Point  Formation  (30  specimens);  Rivcrnook  Member 
(375  specimens). 

Anomalinoides  westraliensis  (Parr) 

(PI.  3,  fig.  2) 

Anomalina  westraliensis  Parr  1938,  p.  85,  PI.  3,  fig.  4. 

Cibicides  danica  Brotzen  1940,  p.  31,  fig.  7. 

Remarks:  The  Pebble  Point  specimens  are  small  (max.  diam.  0  34  mm,  but 
specimens  broken)  and  not  well  preserved;  but,  apart  from  the  size,  they  agree  in 
detail  with  the  holotype  and  other  specimens  from  the  King’s  Park  Shale  (max. 
diam.  0  7  mm).  Parr  noted  that  the  test  changed  from  almost  bilaterally  sym¬ 
metrical  to  planoconvex  during  ontogeny.  This  is  seen  also  in  the  Victorian  fauna 
and  in  the  Boongerooda  Greensand  where,  however,  the  adults  are  more  inflated. 
A.  westraliensis  is  distinguished  from  the  other  species  in  the  fauna  by  this 
asymmetry,  together  with  the  thicker  walls  and  the  coarser  pores. 
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The  Boongerooda  specimens  in  particular  appear  to  be  inseparable  from 
Cibicides  danica  as  originally  described  (Brotzen  1940).  As  Gavelinella  danica 
(Brotzen),  this  species  has  been  understood  recently  as  including  large,  rounded, 
almost  bilaterally  symmetrical  morphotypes  (e.g.,  Hofker  1955,  Nat.  Maandblad 
44;  Schmid  1962).  The  group  is  common  and  widespread  in  the  Dano-Paleocene 
and  has  been  identified  under  many  names,  including  A.  vanbelleni  ten  Dam  & 
Sigal,  A.  longi  Mclean,  A.  grandis  Vassilenko,  and  Gavelinella  rubiginosa  (Cush¬ 
man).  Whether  the  westraliensis-danica  form,  which  apparently  was  attached  during 
life,  is  conspecific  with  the  seemingly  unattached  vanbelleni  form  is  not  clear.  This 
problem  does  not  arise  here  since  the  latter  form  is  absent;  but  both  are  common 
in  the  Boongerooda  Greensand  where  they  are  being  studied. 

Occurrence:  Pebble  Point  Formation  (24  specimens);  Rivemook  Member 
(3  specimens). 


Cibicidina  mariae  (Rupert  Jones) 

(PI.  3,  fig.  1) 

Rosalina  mariae  Rupert  Jones  1852,  Quart.  Jour.  Geol.  Soc.  8:  267,  PI.  16,  fig.  13. 

Cibicides  ( Cibicidina )  mariae  (Jones) — Haynes  in  Wood  &  Haynes  1957,  p.  51,  PI.  5, 
fig.  10,  12,  PI.  6,  fig.  4  (synonymy). 

Discorbis  newmanae  Plummer  1927,  p.  138,  PI.  9,  fig.  4. 

Cibicides  ekblomi  Brotzen  1948,  p.  82,  PI.  13,  fig.  2 — von  Hillebrandt  1962,  p.  114,  PL  10, 
fig.  8. 

Anomalina  ( Anomalina )  ekblomi  (Brotzen) — Vassilenko  1954,  p.  58,  PI.  2,  fig.  5-7 — 
Vassilenko  1961,  p.  107,  PI.  18,  fig.  6. 

Gavelinella  ekblomi  (Brotzen) — Hofker  1957,  Beih.  Geol.  Jb.  27:  308,  Fig.  365 — Schmid 
1962,  p.  340,  PI.  4,  fig.  10. 

Remarks:  The  possession  of  a  true  umbilicus,  fine  pores  on  both  sides  of  the 
test  throughout  most  of  its  growth,  and  radiate  wall  texture  make  this  Cibicides- 
like  species  referable  to  Cibicidina  Bandy  1949. 

The  Rivernook  specimens  seem  to  agree  well  with  C.  mariae  as  described  and 
figured  by  Haynes  (l.c.).  Larger  specimens  become  more  sprawling,  with  rapidly 
increasing  whorls  and  sinuous  sutures.  These  forms  become  rather  evolute  on  the 
upper  (non-umbilical)  side,  thus  approaching  Discorbis  newmanae  Plummer  1927, 
which  is  a  synonym  of  C.  mariae  according  to  Haynes  (l.c.).  Examination  of 
material  from  the  type  locality  of  Discorbis  newmanae  in  the  Midway  of  Texas 
supports  this  conclusion.  A  specimen  of  Cibicides  newmanae  (Plummer)  figured 
by  Weiss  (1955)  from  the  Paleocene  of  Peru  appears  identical  to  several  speci¬ 
mens  from  the  Australian  Paleocene. 

These  forms  have  up  to  8  chambers  in  the  final  whorl.  Cibicides  ekblomi  has 
9  to  12,  according  to  Brotzen  (l.c.).  Similar  specimens  from  the  Bruderndorf 
Feinsand,  Austria  (see  Schmid  l.c.)  have  been  studied.  However,  in  both  this  fauna 
and  the  Lellinge  Greensand,  Denmark  (MFG),  larger  specimens  occur  with 
sprawling  growth  and  7  or  8  chambers  in  the  final  whorl.  The  limbate  nature  of  the 
sutures  also  varies;  in  the  larger  forms  particularly  they  become  depressed.  There¬ 
fore,  Cibicides  ekblomi  is  regarded  as  a  synonym  of  Rosalina  mariae. 

The  species  group  also  is  common  in  the  Younger  Tertiary  (see,  e.g.,  Bandy 
1949).  In  Australia,  the  Oligocene  and  Miocene  forms  have  been  called  Rosalina 
scopos  Carter  (Carter  1958a,  Abele  unpubl.  thesis,  Adelaide  1961),  which  is 
larger  and  more  robust  with  correspondingly  well  developed  sutures,  but  still  very 
similar  to  the  Paleocene  species. 

Occurrence:  Rivernook  Member  (123  specimens). 
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Fig.  8 — 1-3,  Cibicides  praecursorius  (Schwager);  Rivemook  Member.  4,  5,  Cibicides 
umbonifer  Parr;  Rivernook  Member.  6-9,  Cibicides  umbonifer  Parr;  Pebble  Point 

Formation. 
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Species  Group  of  Cibicides  umbonifer  Parr 

This  group  is  very  common  in  both  faunas  and  varies  considerably  in  mor¬ 
phology.  Two  morphological  groups  can  be  distinguished  in  the  Rivernook  samples; 
the  larger  group  is  identified  as  Cibicides  praecursorius  (Sch wager)  and  the  smaller 
as  C.  umbonifer.  But,  in  the  Pebble  Point  fauna,  the  apparently  homogeneous 
complex  includes  apparently  transitional  morphotypes  in  its  broad  range  of  varia¬ 
tion  (Fig.  8).  This  complex  is  referred  to  C.  umbonifer ,  though  it  lacks  the  large 
specimens  found  in  the  Rivernook  Member.  While  the  data  strongly  suggest 
speciation,  it  must  be  emphasized  that  similar  or  identical  forms  are  known  from 
the  Paleocene  throughout  the  world.  It  is  not  a  simple  matter  of  evolution  in  the 
Victorian  Paleocene.  The  problems  are  very  similar  to  those  encountered  in  the 
continuous  and  discontinuous  variation  of  planktonic  assemblages  against  the 
background  of  biogeography;  though  the  population  structure  of  these  benthonic 
and  often  attached  forms  must  have  been  very  different.  It  may  be  noted  also  that 
the  practice  of  recognizing  sympatric  variants  as  formal  varieties,  as  done  for 
samples  with  similar  problems  by  Drooger  (1953)  and  others,  is  not  followed  here. 

Cibicides  umbonifer  Parr 

(PI.  4,  fig.  3,  4;  Fig.  8) 

Cibicides  umbonifer  Parr  1938,  p.  86,  PI.  3,  fig.  6. 

Remarks:  The  holotype  and  other  King’s  Park  Shale  specimens  of  C.  umboni¬ 
fer  have  been  studied.  The  test  is  conical  with  an  umbo  at  the  apex;  the  whorls 
increase  steadily  in  size  giving  an  almost  equilateral  test  in  plan,  except  for  the  final 
chambers  in  the  largest  specimens;  on  the  evolute  side,  the  inner  whorls  can  be 
seen  clearly  or  are  obscured  under  secondary  lamellar  thickening;  and  the  test  is 
moderately  coarsely  perforate.  Cibicides  succedens  Brotzen  (Brotzen  1948,  Vas- 
silenko  1954,  Olsson  1960)  probably  is  a  junior  synonym  of  this  species,  which 
belongs  to  the  Cibicides  bembix  (Marsson)  species  group,  having  thinner  walls  and 
finer  pores  than  C.  voltzianus  (d’Orbigny)  or  C.  spiropunctatus  Galloway  & 
Morrey  (see  below). 

In  the  Pebble  Point  Formation  the  abundant  tests  are  smaller  and  lower. 
Conical  specimens,  either  with  the  inner  whorls  visible  or  with  a  ‘plug’,  intergrade 
with  flattened,  sprawling  forms  in  which  the  whorls  expand  more  rapidly  and 
become  looser,  with  a  spiral  gash  under  the  apertures  of  the  last  few  chambers. 
Such  forms  are  well  removed  from  the  King’s  Park  Shale  or  Boongerooda  Green¬ 
sand  C.  umbonifer.  They  are  closer  to  C.  praecursorius ,  but  must  be  referred  to 
C.  umbonifer  since  the  samples  so  far  cannot  be  split.  In  the  Rivernook  Member 
the  species  is  comparatively  rare,  but  larger  (max.  diam.  0  54  mm  as  against 
0  35  mm  in  the  Pebble  Point  material),  and  compares  closely  with  the  King’s 
Park  Shale  material. 

Occurrence:  Pebble  Point  Formation  (445  specimens);  Rivernook  Member 
(40  specimens). 

Cibicides  praecursorius  (Schwager) 

(PI.  4,  fig.  6;  Fig.  8) 

Discorbina  praecursoria  Schwager  1883,  Palaeontographica  30  (1):  125,  PI.  27,  fig.  12,  13, 

PI.  29,  fig.  16. 

Cibicides  praecursorius  (Schwager) — Glaessner  1937,  Probl.  Paleont.  11-111:  386,  PI.  5,  fig.  40 — 

Toulmin  1941,  p.  610,  PI.  82,  fig.  19-21— LeRoy  1953,  p.  25,  PI.  10,  fig.  12-14. 

Remarks:  C.  praecursorius  is  distinguished  from  C.  umbonifer  in  the  River¬ 
nook  Member  by  its  overlapping  and  more  rapidly  expanding  whorls  on  the  spiral 
side,  strongly  curved  and  strongly  depressed  sutures  (especially  in  the  adults),  and 
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the  shape  of  the  chambers  in  profile.  Even  where  there  is  an  umbo,  the  test  has  a 
broad  axial  depression.  In  this  way,  the  assemblages  could  be  separated  consist¬ 
ently;  but  in  several  doubtful  cases  the  tighter  spiral  side  referred  the  specimen  to 
praecursorius.  Thus,  several  specimens  in  this  category  would  be  easily  placed  in 
umbonifer  in  other  assemblages,  as  in  the  Western  Australian  Paleocene.  Similarly, 
as  noted  above,  variants  of  C.  umbonifer  in  the  Pebble  Point  Formation  are  closer, 
morphologically,  to  C,  praecursorius ;  but  these  lack  the  distinctive  profile  which, 
even  in  many  juveniles,  indicates  the  divergence  of  the  Rivemook  form. 

It  follows  from  the  remarks  on  species  identification  that  the  identification  as 
C.  praecursorius  is  rather  doubtful.  Further,  thin  sections  are  needed  to  show 
accurately  various  vital  characters  such  as  wall  thickness,  pore  size,  and  wall 
texture.  These  will  be  published  in  a  later,  comprehensive  study.  However,  this 
species  seems  to  compare  quite  well  with  the  identifications  listed,  though  the  sutures 
in  the  originals  are  less  curved. 

Occurrence:  Rivernook  Member  (366  specimens). 

Cibicides  aff.  C.  spiropunctatus  Galloway  &  Morrey 
(PI.  4,  fig.  1) 

Cibicides  spiropunctatus  Galloway  &  Morrey  1931,  J.  Paleont.  5:  346,  PI.  39,  fig.  7. 
Cibicides  ( Cibicidoides )  spiropunctatus  Galloway  &  Morrey — Vassilenko  1954,  p.  157,  PL  26, 
fig.  1,  3,  4,  PL  27,  fig.  1. 

Cibicides  cryptomphalus  (Reuss) — ten  Dam  1944,  p.  132,  PL  1,  fig.  4. 

Cibicides  alleni  (Plummer) — Haque  1956,  p.  207,  PL  16,  fig.  1,  PL  33,  fig.  3 — Nagappa  1959, 
Micropaleont.  5,  PL  7,  fig.  15. 

Remarks:  This  lenticular  or  planoconvex  species  is  the  largest  Cibicides  in  the 
faunas  (max.  diam.  0  64  mm).  It  is  also  the  most  robustly  constructed,  with  thick 
primary  walls  and  coarse  pores,  and  very  strongly  developed  secondary  lamellar 
thickening  with  radiate  texture  in  the  axial  regions  of  the  test.  Perforation  appears 
only  sparsely  and  haphazardly  on  the  upper  side.  On  this  side,  too,  the  axial 
secondary  thickening  usually  is  not  in  the  form  of  a  distinct  conical  umbo  as  in 
Cibicides  umbonifer ,  but  is  seen  as  a  transparent  infilling  among  the  axial  ex¬ 
tremities  of  the  chamber  lumina. 

The  identity  of  the  form  is  not  certain.  Certainly,  the  originals  of  C.  spiro¬ 
punctatus  are  large  and  robust  with  coarse  pores,  but  the  pores  are  more  extensive 
on  the  upper  side.  Galloway  &  Morrey  speak  of  a  raised  spiral  suture;  in  this 
respect  the  species  approaches  C.  alleni  (Plummer).  These  differences  from  the 
Victorian  material  are  minor  so  long  as  the  thick  walls  and  coarse  pores  are 
established.  The  latter  characters  are  found  in  the  species  identified  as  C.  alleni 
by  Haque  (1956)  and  Nagappa  (1959),  and  examined  in  material  from  the 
Paleocene  near  Pondicherry,  India  (MFG;  coll.  N.  Rajagopalan).  The  species  is 
found  in  the  Boongerooda  Greensand  and  the  King’s  Park  Shale. 

Material:  Rivernook  Member  (104  specimens). 

Cibicides  sp.  1 

(Pl.  3,  fig.  3) 

Cibicides  simplex  Brotzen  1948,  p.  83,  PI.  13,  fig.  5  (not  4) — von  Hillebrandt  1962,  p.  115’, 
PL  10,  fig.  11. 

Gavelinella  simplex  (Brotzen) — Schmid  1962,  p.  340. 

Remarks:  Brotzen  (1948)  described  and  figured  two  forms  under  C.  simplex. 
Both  forms  occur  in  a  sample  from  the  Lellinge  Greensand  of  Denmark.  They 
appear,  on  the  basis  of  general  form  and  wall  structure,  to  be  two  distinct  species; 
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and  both  also  are  present  and  distinguishable  consistently  in  the  Boongerooda 
Greensand.  Olsson  (1960)  has  found  only  the  first  type  (Brotzen  1948,  PI.  13, 
fig.  4)  in  the  Paleocene  of  New  Jersey;  whereas  the  other  form  only  is  figured  by 
von  Hillebrandt  (1962).  The  latter  is  common  in  the  Bruderndorf  Feinsand  of  the 
Vienna  Basin  (Schmid  1962)  where  it  has  been  studied.  It  is  not  known  to  which 
of  these  groups  the  holotype  of  C.  simplex  belongs. 

Only  the  second  of  Brotzen’s  forms  is  found  in  the  Pebble  Point  Formation. 
The  specimens  compare  excellently  with  the  Swedish,  Austrian,  and  Carnarvon 
Basin  samples.  The  whorls  expand  rather  rapidly  in  width  and  the  chambers  are 
more  inflated  than  is  typical  for  Cibicides.  The  species  does  not  have  an  umbilicus, 
as  claimed  by  Brotzen,  because  thin  sections  show  that  lamellar  accretion  is  con¬ 
tinuous  across  the  axis.  Nevertheless,  the  test  is  coiled  tightly  and,  in  external  view, 
the  axial  depression  is  difficult  to  distinguish  from  a  true  umbilicus. 

In  the  Rivernook  Member,  specimens  occur  with  the  same  inflated  chambers 
but  the  coiling  is  looser  (i.e.,  a  spiral  suture  can  be  seen).  These  intergrade  with  a 
less  inflated  type  in  which  the  whorls  increase  less  rapidly  in  width. 

Occurrence:  Pebble  Point  Formation  (22  specimens);  Rivernook  Member 
(43  specimens). 

Cibicides  whitei  Martin 
(PI.  4,  fig.  5) 

Cibicides  whitei  Martin  1943,  Stanford  Univ.  Publ.  Geol.  Sci.  3  (3):  122,  PI.  8,  fig.  4. 

Remarks:  C.  whitei  is  distinguished  from  the  other  Cibicides  present  by  its 
lenticular  form  and  by  the  whorls  increasing  very  slowly  in  width,  with  little  overlap 
on  the  spiral  side  and  strongly  reclined  sutures.  Because  of  the  low  overlap  of 
whorls,  a  large  number  of  secondary  laminae  can  accumulate  across  the  axial  part 
of  the  spiral  surface,  thus  forming  a  translucent  or  opaque  area  pitted  with  fairly 
coarse  pores.  The  test  typically  is  lenticular  with  subacute  periphery,  but  it  may  be 
planoconvex  especially  in  juveniles. 

In  the  appearance  of  the  spiral  side  and  the  rather  elongate  slot-like  aperture, 
this  species  appears  to  agree  very  well  with  Cibicides  whitei.  The  holotype  figured 
by  Martin  (l.c.)  shows  the  inner  whorls  clearly,  as  well  as  the  well  developed  axial 
plug  and  limbate  sutures  on  the  opposite  side.  This  clarity  probably  is  due  partly 
to  better  preservation;  some  of  the  Victorian  specimens  are  translucent  and  rather 
limbate,  but  most  are  opaque,  like  the  abundant  material  in  the  Boongerooda 
Greensand,  whereas,  in  the  King’s  Park  Shale,  specimens  occur  which  approach  the 
holotype  closely. 

Cibicides  whitei  is  one  of  the  oldest  of  these  lenticular  species  assigned  to  the 
new  subgenus  Gemellides  by  Vassilenko  (1954).  The  Maastrichtian-Paleocene 
Cibicides  ( Gemellides )  orcinus  Vassilenko,  though  sharply  lenticular,  seems  to  be 
closer  to  the  group  of  C.  bembix  (Marsson).  The  lenticular  forms  become  very 
common  in  the  Eocene  and  later  (e.g.,  C.  perlucidus  Nuttall,  C.  pippeni  Cushman 
&  Garrett). 

Occurrence:  Pebble  Point  Formation  (196  specimens). 

Cibicides  sp.  2 

(PI.  4,  fig.  2) 

Remarks:  There  are  a  few  specimens  of  an  apparently  attached  species  with 
prominent  pores  and  chambers  overlapping  to  the  axis  of  the  test  on  the  spiral 
side.  This  species  appears  to  be  closely  related  to  C.  umbonifer,  yet  to  be  distinct. 

Occurrence:  Pebble  Point  Formation  (16  specimens). 
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Karreria  pseudoconvexa  (Parr) 

(PI.  5,  fig.  9,  10) 

Cibicides  pseudoconvexus  Parr  1938,  p.  86,  PI.  3,  fig.  5. 

Cibicides  reinholdi  ten  Dam  1944,  p.  135,  PI.  5,  fig.  6— Brotzen  1948,  p.  82,  PI.  13,  fig.  1 — 
Vassilenko  1954,  p.  136,  PI.  21,  fig.  3. 

Cibicides  marylandicus  Shifflett  1948,  Maryland  Dept.  Geol.  Bull.  3:  74,  PL  5,  fig.  4-6  (seen 
in  Cat.  Foram.) — Olsson  1960,  p.  53,  PI.  12,  fig.  4-6. 

Remarks:  The  Pebble  Point  specimens  agree  in  all  significant  details  with  the 
holotype  and  other  King’s  Park  Shale  specimens.  The  species  is  variable  and  often 
extremely  irregular  in  adult  growth,  tending  to  reflect  the  substrate  in  its  general 
form,  and  with  the  later  chambers  becoming  inflated  in  the  largest  individuals.  This 
tendency  in  Cibicides  reinholdi  is  shown  by  Vassilenko  (l.c.).  Specimens  of  C. 
reinholdi  from  the  Lellinge  Greensand,  Denmark  (MFG),  fall  within  the  variation 
range  of  K .  pseudoconvexa ;  and  Olsson  (l.c.)  has  noted  that  the  North  American 
C.  marylandicus  is  the  same  as  C.  reinholdi.  Thus,  Karreria  pseudoconvexa  is  a 
worldwide  Paleocene  species.  In  southern  Australia  at  least,  it  persisted  until  the 
Upper  Eocene  (Carter  1958).  It  is  distinguished  from  Karreria  fallax ,  which  the 
larger,  irregularly  inflated  specimens  may  resemble  closely  in  general  form,  by  its 
radiate  wall  texture. 

Occurrence:  Pebble  Point  Formation  (105  specimens). 

Karreria  fallax  Rzehak 

Karreria  fallax  Rzehak  1895,  Ann.  Naturhist.  Hofmus.  Wien  10:  226,  PI.  7,  fig.  8 — Vassilenko 
1962,  p.  144,  several  fig.  (synonymy) — Schmid  1962,  p.  345,  PI.  5,  fig.  5  (synonymy). 

Remarks:  There  is  no  doubt  that  the  single  specimen  available  is  conspecific 
with  material  (MFG)  from  the  Vienna  Basin  (Schmid  l.c.),  with  material  from 
the  Boongerooda  Greensand,  and  with  the  several  forms  figured  and  described. 

Occurrence:  Rivemook  Member  (1  specimen). 

Lamarckina  Berthelin  1881  and  Ceratobulimina  Toula  1915 

The  morphology  and  systematics  of  this  group,  the  most  recent  detailed  study 
of  which  was  by  Troelsen  (1954,  see  also  ref.  here),  has  been  considered  in  some 
detail.  A  separate  paper  on  Lamarckina  and  Ceratobulimina  in  the  Australian 
Paleocene  is  in  preparation.  The  present  account  is  restricted  to  a  few  brief  notes, 
and  the  species  are  figured. 

Lamarckina  naheolensis  Cushman  &  Todd 
(PI.  5,  fig.  8) 

Lamarckina  naheolensis  Cushman  &  Todd  1942,  Contr.  Cush.  Lab.  For.  Res.  18:  39,  PL  7 
fig.  5-7— Cushman  1944,  ibid.  20:  45,  PL  7,  fig.  24 — Brotzen  1948,  p.  122,  Pl.  17,  fig.  6*. 

Remarks:  Taking  the  variation  noted  by  Brotzen  (l.c.)  into  account,  the  few 
specimens  available  are  sufficiently  close  to  L.  naheolensis  to  be  placed  in  this 
species.  Topotypes,  kindly  supplied  by  Professor  L.  D.  Toulmin  (Tallahassee, 
Florida),  show  a  light,  scattered  spinosity  which  may  not  be  present  on  the  final 
chamber;  this  is  not  seen  on  the  present  specimens  nor  does  it  seem  to  be  present 
on  the  Swedish  forms  discussed  by  Brotzen.  The  Australian  forms  have  the 
elongate,  rather  flattened  test  which  distinguishes  this  species  from  the  Lower 
Eocene  (Wilcox)  Lamarckina  wilcoxensis  Cushman  (also  supplied  by  Professor 
Toulmin). 

Occurrence:  Rivemook  Member  (4  specimens). 
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Lamarckina  rugulosa  Plummer 
(PI.  5,  fig.  6) 

Lamarckina  rugulosa  Plummer  1927,  p.  140,  PI.  9,  fig.  3. 

Remarks:  The  sample  varies  considerably  in  the  general  form  of  the  test. 
Large,  inflated  specimens  compare  closely  with  L.  rugulosa,  as  described  and  figured 
by  Plummer  (U.  Midway,  Texas),  and  with  an  Upper  Midway  specimen  from 
Professor  L.  D.  Toulmin.  Others,  relatively  more  elongate  and  compressed,  suggest 
strongly  that  the  Upper  Eocene  (Brown’s  Creek  Clays)  Lamarckina  airensis  Carter 
1958  was  derived  directly  from  L.  rugulosa. 

Occurrence:  Rivernook  Member  (55  specimens). 

Ceratobulimina  westraliensis  Parr 

(PI.  5,  fig.  1) 

Ceratobulimina  westraliensis  Parr  1938,  p.  83,  PI.  2,  fig.  12. 

Remarks:  In  his  unpublished  notes,  Parr  distinguished  the  Pebble  Point  form 
from  C.  westraliensis  by  its  fewer  chambers  per  whorl  (usually  6  as  against  7  or  8), 
its  flatter  and  broader  test,  and  the  non-limbate  sutures.  On  the  whole,  these 
distinctions  hold,  but  the  assemblages  intergrade.  They  differ  sufficiently  perhaps 
to  justify  recognition  of  a  distinct  subspecies  but  not  a  new  species.  The  inter¬ 
relationships  of  the  three  contemporaneous  and  closely  related  species  C.  westra¬ 
liensis,  C.  perplexa  (Plummer),  and  C.  tuberculata  Brotzen  (see  Plummer  1927, 
1936,  Brotzen  1948,  Troelsen  1954)  must  be  clarified  before  any  new  formal 
nomenclature  is  introduced. 

Occurrence:  Pebble  Point  Formation  (170  specimens);  Rivernook  Member 
(214  specimens). 

Ceratobulimina  jutlandica  Troelsen 
(PI.  5,  fig.  5) 

Ceratobulimina  jutlandica  Troelsen  1954,  p.  456,  PI.  10,  fig.  7-9. 

Remarks:  The  Victorian  specimens  have  the  same  distinctive  rather  pointed 
chambers  and  somewhat  polygonal  test,  and  open,  more  or  less  rounded  aperture 
as  C.  jutlandica  (Paleocene,  Denmark).  They  are  more  inflated  in  profile  than  the 
holotype,  but  so  are  several  specimens  from  the  Danish  Paleocene  kindly  supplied 
by  Dr  Arne  Buch  (Copenhagen,  Denmark).  These  examples  show  that  we  are 
dealing  with  the  same  species. 

Occurrence:  Pebble  Point  Formation  (14  specimens);  Rivernook  Member 
(8  specimens). 

Hoeglundina  scalaris  (Franke) 

Epistomina  scalaris  Franke,  Danmarks  geol.  undersog .  II  Raekke  No.  46:  30,  PI.  4,  fig.  6. 
Hoglundina  scalaris  (Franke) — Brotzen  1948,  p.  94,  PI.  15,  fig.  2,  3 — Hofker  1954,  Palaeonto- 
graphica  Bd.  105 ,  Abt.  A\  198,  fig.  43. 

Pulvinulina  partschiana  (d’Orbigny) — Plummer  1927,  p.  153,  PI.  11,  fig.  5. 

Epistomina  elegans  (d’Orbigny) — Parr  1938,  p.  85. 

Remarks:  Specimens  from  the  Victorian  Paleocene  mostly  are  poorly  pre¬ 
served.  They  are  small  (max.  diam.  0  36  mm),  there  are  only  5  or  6  chambers 
in  the  final  whorl,  and  the  spiral  side  may  be  almost  flat.  In  the  chamber  count,  at 
least,  they  are  reminiscent  of  the  Upper  Cretaceous  species  Hoeglundina  ripleyensis 
(W.  Berry)  and  Hoeglundina  supracretacea  (ten  Dam)  (see  Olsson  1960,  ten 
Dam  1948,  and  ref.  in  these).  However,  larger,  robust  specimens  in  the  King’s 


58 


BRIAN  McGOWRAN 


Park  Shale  have  the  higher  chamber  count  (7-9)  and  the  strongly  lenticular  profile 
with  high  spiral  side,  thus  comparing  closely  with  the  figures  and  descriptions 
cited  above.  The  Pebble  Point  and  Rivernook  forms  at  this  stage  must  be  regarded 
as  juvenile  or  stunted  H.  scalaris.  A  species  very  similar  to  the  large  King’s  Park 
Shale  form  is  found  in  the  Brown’s  Creek  Clays. 

Occurrence:  Pebble  Point  Formation  (10  specimens);  Rivernook  Member 
(37  specimens). 

Epistominoides  wilcoxensis  (Cushman  &  Ponton) 

(PI.  5,  fig.  7) 

Saracenaria  wilcoxensis  Cushman  &  Ponton  1932,  p.  54,  PI.  7,  fig.  9. 

Epistominoides  wilcoxensis  (Cushman  &  Ponton) — Plummer  1934,  p.  604,  PL  24,  fig.  1-3. 

Remarks:  The  single  specimen  available  is  almost  planispiral,  has  sharp 
marginal  angles  on  the  chambers  and  a  peripheral  flange.  There  seems  to  be  no 
doubt  that  it  belongs  to  the  species  described  so  well  "by  Plummer.  As  well  as 
occurring  in  the  U.S.  Gulf  Coast  Paleocene  and  basal  Eocene,  Epistominoides 
wilcoxensis  is  known  now  in  the  Paleocene  of  Denmark  (Troelsen  1954). 

Occurrence:  Rivernook  Member  (1  specimen). 

Epistominoides  aff.  E.  midwayensis  Plummer 

Epistominoides  midwayensis  Plummer  1934,  p.  605,  PI.  24,  fig.  4 _ Brotzen  1948,  p.  96  PI  17 

fig.  5;  Fig.  24. 

Remarks  :  A  specimen  from  the  Rivernook  Member  is  asymmetrical  in  profile, 
acute  but  not  flanged  at  the  periphery,  and  the  toothplate  suture  on  the  ‘ventral’ 
side  is  more  distal  in  position  than  in  E.  wilcoxensis.  A  similar  but  larger  specimen 
was  found  in  the  King’s  Park  Shale  material  (King’s  Park  No.  2  Bore,  120  ft) 
where  it  was  overlooked  by  Parr  (1938).  Three  other  Rivernook  Member  specK 
mens  appear  to  belong  with  these  forms,  but  they  are  flanged,  and  the  sutures  are 
ribbed  slightly  around  the  axis.  The  group  is  distinct  from  E.  wilcoxensis. 

In  E.  midwayensis,  as  described  by  Plummer,  the  toothplate  suture  is  closer 
to  the  distal  septum,  the  sutures  are  ribbed,  the  chamber  count  is  higher  (7-8  per 
whorl  against  5-6),  and  the  test  is  ‘umbilicate’.  (The  umbilicus  noted  by  Plummer 
and  also  Troelsen  (1954)  is,  in  fact,  absent  in  the  sense  of  Reiss’s  (1960)  defini¬ 
tion  of  the  term.  None  of  the  Epistominidae  has  a  true  umbilicus.  The  character 
is  better  called  axial  depression.)  These  differences  are  impressive  but,  on  the 
other  hand,  the  flanged  specimens  at  least  are  very  similar  in  general  form  to 
E.  midwayensis  as  figured  by  Brotzen. 

Occurrence:  Rivernook  Member  (4  specimens). 

Robertinoides  sp. 

Remarks:  A  single  specimen  has  been  found  of  a  species  with  strongly  flattened 
apertural  face  and  broadly  rounded  distal  margin  in  plan  view.  An  apparently 
closely  similar  form  occurs  rarely  in  the  King’s  Park  Shale  (Parr  1938);  but  this 
form  is  rather  more  tapered  distally,  like  the  Paleocene  and  Lower  Eocene 
Robertinoides  wilcoxensis  Cushman  &  Ponton  1932  (see  Cushman  1951  and 
ref.).  A  species  in  the  Brown’s  Creek  Clays  is  similar,  but  larger,  and  the  second 
part  of  the  main  aperture  (Troelsen  1954  and  ref.)  is  strongly  developed. 

Occurrence:  Pebble  Point  Formation  (1  specimen). 
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Globigerina  aff.  G.  linaperta  Finlay 
(Fig.  9) 

Globigerina  linaperta  Finlay  1939,  Trans.  Roy.  Soc.  N.Z.  69:  125,  PI.  13,  fig.  54-57 — Homi- 

brook  1961,  p.  145  (synonymy) — von  Hillebrandt  1962,  p.  120,  PI.  11,  fig.  2,  3 

(synonymy). 

Remarks:  Globigerina  linaperta  belongs  to  the  group  of  tripartite,  globular 
and  usually  reticulate  forms  which  are  the  most  common  and  ubiquitous  of  Lower 
Tertiary  planktonics.  Problems  of  variation  in  size,  growth  rate,  and  surface 
texture  are  largely  unsolved;  and  the  nomenclature  consequently  is  confused.  But 
nomenclature  apart,  the  development  of  the  group  in  the  Paleocene  is  becoming 
clear. 

The  oldest  member  of  the  group,  characteristic  of  the  Upper  Danian  and 
overlying  beds,  is  G.  triloculinoides  Plummer  (1927).  This  species  also  has  been 
recorded  often  from  younger  beds  well  into  the  Eocene.  However,  Bolli  (1957) 
and  von  Hillebrandt  (1962)  have  shown  clearly  that  there  is  a  distinct  increase  in 
morphological  diversity  in  the  Middle  Paleocene.  Both  authors,  accordingly, 
restrict  G.  triloculinoides  to  the  lower  part  of  the  sequence,  after  which  it  gives 
way  to  G.  triangularis  White  and  G.  linaperta  (in  Bolli’s  scheme),  or  to  G.  incisa 
von  Hillebrandt  and  G.  linaperta  (by  von  Hillebrandt).  A  similar  development, 
expressed  in  different  nomenclature,  is  shown  in  studies  by  Subbotina  (1953), 
Loeblich  &  Tappan  (1957),  and  others. 

Variation  in  gross  form  in  the  Pebble  Point  and  the  larger  Rivernook  assem¬ 
blages  is  shown  in  Fig.  9.  A  sample  of  G.  triloculinoides  from  the  Bruderndorf 
Feinsand,  Vienna  Basin  (Schmid  1962),  of  about  the  same  age  as  Plummer’s 
original  Midway  material  (Plummer  1927),  is  shown  for  comparison.  The  River- 
nook  material,  in  particular,  becomes  slightly  larger  and  is  more  variable  but  the 
differences  are  not  great. 

The  most  important  difference  is  in  wall  texture.  G.  triloculinoides  becomes 
coarsely  and  fairly  uniformly  reticulate  in  phyletic  development  (Hofker  1960). 
Younger  forms,  on  the  other  hand,  vary  from  finely  reticulate,  or  spinose  and 
roughened,  to  coarsely  reticulate.  This  variation  is  found  in  the  Rivernook  species 
but,  so  far,  it  has  not  been  possible  to  separate  the  sample  into  consistent  mor¬ 
phological  groups.  For  this  reason  the  generic  name  Subbotina  Brotzen  &  Pozaryska 
(1961)  is  not  used  here. 

Surface  texture  has  not  received  much  attention,  though  variation  in  this 
character  is  seen  clearly  in  the  illustrated  specimens  cited  above.  G.  linaperta  has 
been  distinguished  from  G.  triloculinoides  in  several  aspects  of  general  form,  such 
as  size  of  test,  position  of  aperture,  shape,  and  size  increase  in  chambers  (Loeblich 
&  Tappan  1957,  Bolli  1957,  Hornibrook  1961,  von  Hillebrandt  1962). 

According  to  Gohrbandt  (1963),  the  characters  used  to  distinguish  G.  lina¬ 
perta  and  various  other  Paleocene  ‘species’  from  G.  triloculinoides  are  all  found 
in  the  variation  range  of  the  latter.  Thus,  Gohrbandt  records  G.  triloculinoides  in 
the  Upper  Paleocene.  However,  we  can  acknowledge  the  increase  in  variability  in 
the  Middle-Upper  Paleocene  without  necessarily  accepting  the  flourishing  nomen¬ 
clature.  The  highly  variable  but  apparently  homogeneous  Victorian  material  is  best 
referred  to  G.  linaperta. 

G.  linaperta  was  recorded  first  from  the  Middle  Eocene  (Bortonian)  of  New 
Zealand.  Hornibrook  (1961)  states  that  it  developed  from  G.  triloculinoides  and 
extended  to  the  Upper  Eocene.  Carter  (1958a)  has  identified  it  in  the  Brown’s 
Creek  Clays;  certainly  the  typical  form  is  present  here,  though  the  variation  may 
be  different. 
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Occurrence:  Pebble  Point  Formation  (55  specimens);  Rivernook  Member 
(about  750  specimens). 

Globigerina  pseudoiota  Hornibrook 

Glo bigerina  pseudoiota  Hornibrook  1958a,  p.  34,  PI.  1,  fig.  16-18 — Hornibrook  1958b,  p.  664, 

Fig.  23,  26-28. 

Remarks:  Only  one  poorly  preserved  specimen  has  been  found,  but  it  can  be 
identified  through  excellent  material  found  in  a  new  exposure  below  the  Rivernook 
Member  by  Mr  D.  J.  Taylor. 

Occurrence:  Rivernook  Member  (1  specimen). 

Globigerina  esnaensis  LeRoy  (species  group) 

(PI.  6,  fig.  5;  Fig.  10) 

Globigerina  esnaensis  LeRoy  1953,  p.  31,  PI.  6,  fig.  8-10 — Nakkady  1959,  Micropal.  5:  461, 

PI.  3,  fig.  2 — Gohrbandt  1963,  p.  49,  PI.  2,  fig.  19-21  (synonymy). 

Globorotalia  esnaensis  (LeRoy) — Loeblich  &  Tappan  1957,  p.  189,  PI.  57,  fig.  7,  PI.  61, 

fig.  1,  2,  9— Said  &  Kerdany  1961,  Micropal.  7:  328,  PI.  1,  fig.  6. 

Remarks:  The  identification  of  the  large  and  very  variable  Rivernook  Member 
assemblage  as  Globigerina  esnaensis  is  tentative.  The  range  in  gross  form  shown 
in  Fig.  10  shows  a  broader  nondimensional  species  concept  than  can  be  found  in 
most,  if  not  all,  recent  publications  dealing  with  this  group.  Therefore,  it  is 
emphasized  that  the  samples  apparently  vary  continuously. 

The  test  is  coiled  at  random,  and  reaches  a  max.  diam.  of  0*47  mm.  The  wall 
is  coarsely  perforate  and  coarsely  spinose,  or  nodular  where  worn,  especially  in 
the  umbilical  region.  In  profile,  the  test  usually  is  flattened  on  the  spiral  side  and 
the  chambers  are  reniform.  Thus,  the  species  belongs  to  the  group  of  Acarinina 
Subbotina  (1953),  though  this  taxon  has  been  recognized  outside  Russia  only  by 
von  Hillebrandt  (1962). 

The  variation  in  test  form  is  due  to  variation  in  rate  of  increase  in  chamber 
size,  as  seen  especially  in  plan  (Fig.  10).  Superimposed  on  this  is  a  considerable 
irregularity  with  stunted  chambers  appearing  frequently. 

The  species  is  named  Globigerina  esnaensis  provisionally  because  most  speci¬ 
mens  are  close  to  this  form  as  figured  and  described  (syn.  above).  However, 
various  other  names  have  been  used  for  what  seem  mostly  to  be  the  same  species 
(see  especially  synonymy  in  Gohrbandt  1963),  e.g.  Globigerina  stonei  Weiss 
1955,  Globorotalia  irrorata  Loeblich  &  Tappan  1957,  Acarinina  intermedia  Sub¬ 
botina  1953. 

To  one  side  of  this  central  group  are  occasional  specimens,  equilateral  in  plan 
with  chamber  size  increasing  more  slowly.  These  approach  Globigerina  mckannai 
White  and  G.  soldadoensis  Bronnimann  1952.  Indeed,  von  Hillebrandt  (1962) 
regards  G.  esnaensis  as  a  synonym  of  the  latter. 

At  the  other  extreme,  forms  with  almost  tripartite  plan  approach  (Globoquad- 
rina*  primitiva  Finlay  1947  (syn.  Acarinina  triplex  Subbotina  1953;  see  von  Hille¬ 
brandt  1962,  Gohrbandt  1963). 

This  complex  as  a  whole  was  established  already  by  Globorotalia  pseudomen- 
ardii  zone  time  and  continued  well  into  the  Lower  Eocene.  To  attempt  to  unravel 
the  opinions  on  species  and  the  network  of  synonymies  presented  by  the  authors 
mentioned  above,  and  others,  is  far  beyond  the  scope  of  this  paper.  It  seems  certain 
that  most  faunal  samples  studied  have  been  ‘split’  too  finely;  the  ‘splitting’  must 
be  done  more  in  space  and  in  time  and  less  in  fossil  assemblages. 
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Fig.  10 — Globigerina  esnaensis  LeRoy.  Rivernook  Member. 
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Occurrence:  Rivernook  Member  (about  360  specimens;  but  see  note  below 
on  Globorotalia  aequa );  Pebble  Point  Formation  (4  small  specimens  are  similar 
to  G.  esnaensis,  but  their  identification  is  doubtful). 

Globorotalia  aequa  Cushman  &  Renz 
(PI.  6,  fig.  6;  Fig.  11) 

Globorotalia  crassata  (Cushman)  var.  aequa  Cushman  &  Renz  1942,  Contr.  Cush.  Lab.  For . 
Res.  18:  12,  PI.  3,  fig.  3. 

Globorotalia  (T runcorotalia)  aequa  aequa  Cushman  &  Renz — von  Hillebrandt  1962,  p.  133, 
PI.  13,  fig.  1,  3,  4  (synonymy). 

Truncorotalia  aequa  (Cushman  &  Renz) — Gohrbandt  1963,  p.  58,  PI.  4,  fig.  10-12  (synonymy). 

Remarks:  Globorotalia  aequa  is  a  large,  robust  species  with  thick  walls, 
coarsely  spinose  or  nodular  ornament,  and  chambers  increasing  very  rapidly  in  size 
and  becoming  large  and  angular  in  the  final  stages.  Usually  there  are  3-4  chambers 
in  the  outer  whorl. 

In  these  characters  the  Rivernook  specimens  are  typical,  comparing  closely 
with  material  from  the  Carnarvon  Basin  and  Trinidad,  as  well  as  the  figures  and 
descriptions  published.  The  range  of  variation  also  is  typical.  Many  smaller 
specimens  have  a  higher  chamber  count  per  whorl  (Fig.  11),  thus  recalling 
Globorotalia  angulata  (White),  which  is  an  older  species,  and  G.  apanthesma 
Loeblich  &  Tappan. 

Occurrence:  Rivernook  Member  (190  specimens).  Most  of  these  specimens 
are  juveniles,  and  the  count  is  approximate  due  to  difficulty  in  distinguishing 
several  of  them  from  Globigerina  esnaensis  LeRoy. 

Globorotalia  pusilla  laevigata  Bolli 
(PI.  6,  fig.  4) 

Globorotalia  pusilla  laevigata  Bolli  1957,  p.  78,  PI.  20,  fig.  5-7 — Bolli  &  Cita  1960,  p.  27, 
PI.  32,  fig.  6. 

Globorotalia  ( Globorotalia ?)  pusilla  laevigata  Bolli — von  Hillebrandt  1962,  p.  128,  PI.  11, 
fig.  17  (synonymy). 

Remarks:  Only  one  specimen  has  been  found  so  far,  but  it  seems  undoubtedly 
to  belong  to  Bolli’s  form. 

Occurrence:  Rivernook  Member  (1  specimen). 

Globorotalia  chapmani  Parr 

(PI.  6,  fig.  2;  Fig.  12) 

Globorotalia  chapmani  Parr  1938,  p.  87,  PI.  3,  fig.  8,  9. 

Remarks:  Parr  noted  (unpubl.)  that  ‘while  the  Pebble  Point  specimens  are 
smaller  than  those  from  Western  Australia  and  show  some  variation  in  form,  they 
appear  to  represent  the  same  species’.  Present  conclusions  are  in  agreement  with 
this,  but  the  divergence  in  form  from  the  original  material  of  G.  chapmani  in  the 
King’s  Park  Shale  is  sufficiently  important  to  justify  some  discussion. 

The  Pebble  Point  and  Rivernook  specimens  are  small  (max.  diam.  0  30  mm), 
with  distinctly  conical  but  rounded  chambers  in  profile,  and  a  low  to  almost  flat 
spiral  side  on  which  all  sutures  are  depressed  distinctly.  Apart  from  a  rather  more 
rapid  increase  in  chamber  size,  they  compare  very  well  with  Globorotalia  hauns- 
bergensis  Gohrbandt  1962  (Palcocene  N.  of  Salzburg,  Austria).  The  originals  in 
the  King’s  Park  Shale  (referred  to  below  as  typical  G.  chapmani ),  on  the  other 
hand,  are  more  or  less  biconvex  in  profile  with  angular,  arrowhead-shaped  final 
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Fig.  11 — Globorotalia  aequa  Cushman  &  Renz.  Rivernook  Member. 
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chambers,  and  usually  depressed  central  part  and  depressed  sutures  on  the  spiral 
side. 

It  is  pointed  out  in  a  note  on  the  King’s  Park  Shale  (McGowran  1964)  that 
Globorotalia  chapmani  Parr  is  the  correct  name  for  the  widespread  Paleocene 
species  identified  by  recent  authors  as  Globorotalia  elongata  Glaessner  1937,  etc. 
(see  synonymies  in  von  Hillebrandt  1962  and  Gohrbandt  1963). 

In  the  rich  assemblages  at  the  base  of  the  Boongerooda  Greensand,  typical 
G.  chapmani  intergrades  with  morphotypes  referable  to  G.  ehrenbergi  Bolli  1957 
and  G.  haunsbergensis.  These  morphotypes  point  clearly  to  G.  pseudomenardii 
Bolli,  which  is  extremely  rare  at  this  level  but  which  becomes  common  immedi¬ 
ately  above,  together  with  the  restriction  and  disappearance  of  the  ehrenbergi - 
haunsbergensis  morphotypc  (typical  G.  chapmani  remains  very  common).  This 
sequence  will  be  described  and  figured  in  detail  elsewhere.  The  important  point 
here  is  that  the  assemblage  from  the  Pebble  Point  Formation,  while  distinguishable 
from  King’s  Park  Shale  and  other  assemblages  of  Globorotalia  chapmani ,  is 
referred  to  this  species  through  comparison  with  the  assemblages  in  the  lowest 
layers  of  the  Boongerooda  Greensand.  This  comparison  is  the  basis  for  correlating 
the  Pebble  Point  Formation  as  dealt  with  earlier  under  ‘Correlation  and  Age’. 
Nevertheless,  the  absence  of  the  typical  G.  chapmani  morphotype,  even  in  a  total 
of  17  specimens,  suggests  that  the  assemblage  represents  a  partly  isolated  marginal 
population.  This  perhaps  is  not  surprising.  Nor  is  it  surprising  that  the  same  form 
occurs  rarely  in  the  Rivernook  Member  (with  one  small  specimen  of  typical 
chapmani ;  see  Fig.  12  (4))  at  a  time  when  the  typical  chapmani  was  well  estab¬ 
lished  in  Tethyan  faunas. 

Occurrence:  Pebble  Point  Formation  (17  specimens);  Rivernook  Member 
(8  specimens). 

Globorotalia  pseudomenardii  Bolli 

(PI.  6,  fig.  3) 

Globorotalia  pseudomenardii  Bolli  1957,  p.  77,  PI.  20,  fig.  14-17 — von  Hillebrandt  1962, 

p.  126,  PI.  12,  fig.  5,  6  (synonymy) — Gohrbandt  1963,  p.  52,  PI.  6,  fig.  16-18  (synonymy). 

Remarks:  One  small  specimen  compares  well  with  material  from  Trinidad  and 
the  Carnarvon  Basin  in  having  flush  sutures  on  the  earlier  part  of  the  spiral  side, 
which  is  a  low  cone  in  profile. 

Occurrence:  Rivernook  Member  (1  specimen). 

Globorotalia  imitata  Subbotina 

(PI.  6,  fig.  1;  Fig.  12) 

Globorotalia  imitata  Subbotina  1953,  p.  206,  PI.  16,  fig.  14-16 — Loeblich  &  Tappan  1957, 

p.  190,  several  fig. — Olsson  1960,  p.  46,  PL  9,  fig.  7-9— Said  &  Kerdany  1961,  Micropal. 

7:  329,  PI.  1,  fig.  1. 

Remarks:  This  species  is  small,  with  thin  walls  and  smooth  surface,  and  low 
or  flattened  spiral  side.  Within  these  limits,  it  is  variable,  due  mainly  to  range  in 
chamber  form  from  globular  to  distinctly  compressed  (see  fig.  in  above  ref.).  At 
the  latter  extreme,  the  test  is  strongly  truncate  in  profile  and  the  chambers  are 
narrowly  lunate  in  spiral  view.  Such  forms  are  common  in  the  Boongerooda 
Greensand. 

Specimens  from  the  Rivernook  Member  (Fig.  12)  have  globular  or  compressed 
chambers,  with  corresponding  variation  in  the  profile.  They  differ  from  previous 
records  in  having  5  or  often  6  chambers  in  the  final  whorl  instead  of  4  to  5. 
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An  atypically  large  specimen  (max.  diam.  0-24  mm)  from  the  Pebble  Point 
Formation  is  figured  because  it  is  the  best  preserved  one  available.  The  Rivernook 
specimens  are  coated  with  limonite. 

Occurrence:  Pebble  Point  Formation  (4  specimens);  Rivernook  Member 
(54  specimens). 

Chiloguembellna  crinita  (Glaessner) 

(PI.  5,  fig.  2,  3;  Fig.  13) 

Giimbelina  crinita  Glaessner  1937,  Probl.  Pal.  Moscow  Utiiv.  Lab.  Pal.  2-3:  383,  PI.  4,  fig.  34. 
Chiloguembelina  crinita  (Glaessner) — Loeblich  &  Tappan  1957,  p.  178,  several  fig. — 

Beckmann  1957,  p.  89,  PI.  21,  fig.  4;  Fig.  14  (1-4)— Olsson  1960,  p.  29,  PI.  4,  fig.  14,  15. 
Giimbelina  venezuelana  Nuttall  var.  rugosa  Parr  1938,  p.  82,  PI.  2,  fig.  8. 

Remarks:  In  the  Rivernook  Member  this  species  varies  in  the  compression 
and  the  tapering  of  the  test  (Fig.  13).  The  more  strongly  tapered  specimens  recall 
the  Chiloguembelina  midwayensis  (Cushman )-C.  morsei  (Kline)  complex  which 
characterizes  the  Lower  Paleocene  faunas  (Loeblich  &  Tappan  1957,  Berggren 
1962,  and  ref.),  excellent  examples  of  which  (MFG)  have  been  examined  from  the 
Brudemdorf  Feinsand  of  Austria  (Schmid  1962).  At  the  other  extreme,  specimens 
are  strongly  inflated  with  globular  chambers.  The  variation  is  continuous,  and  most 
of  it  is  found  in  the  figures  of  C.  crinita  given  in  the  above  synonymy.  The  close 
relationship  of  C.  crinita  to  C.  midwayensis  is  shown  also  in  the  aperture  which, 
though  variable,  is  strongly  and  asymmetrically  arched  with  a  flange  on  the  outer 
side. 

Beckmann  (1957)  has  shown  clearly  the  stratigraphic  value  of  Chiloguembelina 
in  the  Lower  Tertiary  of  Trinidad.  Certainly  the  midwayensis-crinita  complex 
changes  through  the  Paleocene.  However,  Beckmann’s  nomenclature,  in  which  two 
subspecies  of  midwayensis  coexist  with  crinita  in  the  upper  Paleocene,  is  hardly 
acceptable.  Although  the  midwayensis  morphotype  occurs  at  this  level,  the  River¬ 
nook  assemblages  indicate  that  it  is  part  of  the  variation  range  found  in  C.  crinita. 

The  figure  of  the  holotype  of  Giimbelina  venezuelana  rugosa  Parr  (1938)  is 
misleading  in  that  the  specimen  is  less  well  preserved  than  shown.  But  the  flanged, 
asymmetrical  aperture  can  be  seen,  though  not  mentioned  in  this  respect  by  Parr. 
The  holotype  and  other  specimens  of  rugosa ,  which  is  rare  in  the  King’s  Park 
Shale,  fall  within  the  range  of  crinita  in  form  (Fig.  13)  and  surface  texture; 
rugosa  accordingly  becomes  a  junior  synonym  of  crinita. 

Giimbelina  rugosa  on  several  occasions  has  been  identified  in  the  Upper  Eocene 
faunas  in  southern  Australia  (e.g.,  Carter  1958a).  Occasional  specimens  from  the 
rich  Brown’s  Creek  Clay  faunas  are  rather  similar,  but  most  are  narrower  and 
more  elongate,  with  chambers  increasing  in  size  more  slowly  (Fig.  13).  The  form 
is  very  close  to  or  more  probably  conspecific  with  C.  cubensis  (Palmer)  (see 
Beckmann  1957  and  ref.).  Dr  D.  Graham  Jenkins  (Geological  Survey  of  New 
Zealand)  has  kindly  expressed  agreement  with  this  identification  (pers.  comm.). 

Occurrence:  Pebble  Point  Formation  (1  specimen);  Rivernook  Member 
(154  specimens). 

Chiloguembelina  trinitatensis  (Cushman  &  Renz) 

(PI.  5,  fig.  4;  Fig.  14) 

Giimbelina  trinitatensis  Cushman  &  Renz  1942,  p.  8,  PI.  2,  fig.  8. 

Chiloguembelina  trinitatensis  (Cushman  &  Renz) — Beckmann  1957,  PI.  21,  fig.  7;  Fig.  15 

(43-45). 

Remarks:  On  the  whole  this  form  is  more  inflated  than  C.  crinita  and  the 
aperture  is  symmetrical,  or  very  nearly  so.  In  gross  form  the  two  groups  overlap, 
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pIG  14 — Chiloguembelina  trinitatensis  (Cushman  &  Renz).  Rivernook  Member. 


and  the  difficulty  in  distinguishing  them  arises  in  those  specimens,  apparently  of 
crinita ,  which  are  more  inflated  and  have  less  apertural  asymmetry  than  usual. 

Considerable  variation  in  the  aperture  (Fig.  14)  notwithstanding,  the  River- 
nook  specimens  agree  well  with  the  published  description  and  figures  of  C.  trini¬ 
tatensis.  The  species  is  restricted  to  the  Upper  Paleocene  ( Globorotalia  velascoertsis 
zone)  in  Trinidad  (Beckmann  1957). 

Occurrence:  Rivernook  Member  (58  specimens). 
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Explanation  of  Plates 

Plate  1 

Fig.  1-3 — Kolesnikov ella  angusta  sp.  nov.  (1)  F17050,  Holotype,  length  0-36  mm;  (2)  F17051, 
length  0-36  mm;  (3)  F17052,  length  0-31  mm.  All  X  176.  Pebble  Point  Formation. 

Fig.  4-5 — Spirobolivina  emmendorferi  (Jennings).  (4)  F17053,  length  019  mm;  (5)  F17054, 
length  0-24  mm.  Both  X  176.  Pebble  Point  Formation. 

Fig.  6 — Bolivinoides  oedumi  (Brotzen).  F 17058,  length  0  20  mm,  X  176.  Pebble  Point 
Formation. 

Fig.  7 — Tappanina  selmensis  (Cushman).  F 17057,  length  0-25  mm,  X  176.  Pebble  Point 
Formation. 

Fig.  8 — Praeglobobulimina  quadrata  (Plummer).  F17062,  length  0-54  mm,  X  117.  River- 
nook  Member. 

Fig.  9 — Stainforthia  cf.  S.  wileaxensis  (Cushman  &  Ponton).  F17056,  length  0-31  mm, 
X  176.  Rivernook  Member. 

Fig.  10 — Bulimina  esnaensis  LeRoy.  F17055,  length  0  21  mm,  X  176.  Pebble  Point  Formation. 

Fig.  11 — Bulimina  cf.  B.  parvula  (Brotzen).  F17110,  length  012  mm,  X  176.  Rivernook 
Member. 

Fig.  12 — Baggatella  sp.  nov.  F17059,  max.  diam.  0  33  mm,  X  117.  Pebble  Point  Formation. 

Fig.  13 — Epistominella  cf.  E.  minuta  (Olsson).  F17061,  max.  diam.  018  mm,  X  176.  River¬ 
nook  Member. 

Fig.  14 — Epistominella  cf.  E.  vitrea  Parker.  F17060,  max.  diam.  015  mm,  X  176.  Rivernook 
Member. 
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pig.  15 — Vaginulina  longiforma  (Plummer).  F17059,  length  103  mm,  X  59.  Rivernook 
Member. 

pig.  16 — C  it  harm  a  plumoides  (Plummer).  F17063,  length  1-9  mm,  X  59.  Pebble  Point 
Formation. 

Plate  2 

pig.  iy  2 — Conorbina  sp.  (1)  F17064,  max.  diam.  0-24  mm;  (2)  F17065,  max.  diam.  016 
mm.  Both  X  170.  Pebble  Point  Formation. 

Fig.  3 — Allomorphina  allomorphinoides  (Reuss).  F17076,  max.  diam.  0-36  mm,  X  113. 
Pebble  Point  Formation. 

pig.  4 — Conorbina  brotzeni  (Hofker).  F17079,  max.  diam.  0-21  mm,  X  170.  Pebble  Point 
Formation. 

Fig.  5 — Gyroidinoides  octocamerata  (Cushman  &  Hanna).  F17077,  max.  diam.  0-35  mm, 
X  113.  Rivernook  Member. 

Fig.  6 — Gyroidinoides  sp.  F17079,  max.  diam.  0-34  mm,  X  113.  Pebble  Point  Formation. 
Fig.  7 — Gyroidinoides  cf.  G.  aequilateralis  (Plummer).  F 17078,  max.  diam.  0*30  mm,  X  113. 
Rivernook  Member. 

Fig.  8 — Alabamina  westraliensis  (Parr).  F17080,  max.  diam.  0*43  mm,  X  113.  Rivernook 
Member. 


Plate  3 

Fig.  1 — Cibicidina  mariae  (Rupert  Jones).  F17081,  max.  diam.  0*38  mm,  X  117.  Rivernook 
Member. 

Fig.  2 — Anomalinoides  westraliensis  (Parr).  F17082,  max.  diam.  0*34  mm,  X  117.  Pebble 
Point  Formation. 

Fig.  3 — Cibicides  sp.  1.  F17083,  max.  diam.  0  28  mm,  X  117.  Pebble  Point  Formation. 

Fig.  4 — Pseudovalvulineria  sp.  nov.  F17085,  max.  diam.  0*34  mm,  X  117.  Pebble  Point 
Formation. 

Fig.  5 — Anomalinoides  praespissiformis  (Cushman  &  Bermudez).  F17084,  max.  diam.  0*31 
mm,  X  1 17.  Pebble  Point  Formation. 

Fig.  6 — Anomalinoides  perthensis  (Parr).  F17086,  max.  diam.  0*46  mm,  X  75.  Rivernook 
Member. 

Fig.  7 — Anomalinoides  aff.  A.  nobilis  Brotzen.  F 17087,  max.  diam.  0*55  mm,  X  75.  Pebble 
Point  Formation. 


Plate  4 

Fig.  1 — Cibicides  aff.  C.  spiropunctatus  Galloway  &  Morrey.  F17088,  max.  diam.  0*59  mm, 
X  75.  Rivernook  Member. 

Fig.  2 — Cibicides  sp.  2.  F 17089,  max.  diam.  0  27  mm,  X  117.  Pebble  Point  Formation. 

Fig.  3,  4 — Cibicides  umbonifer  Parr.  (3)  F17090,  max.  diam.  0*53  mm,  X  75.  Rivernook 
Member.  (4)  F17091,  max.  diam.  0*33  mm,  X  117.  Pebble  Point  Formation. 

Fig.  5 — Cibicides  whitei  Martin.  F 17092,  max.  diam.  0*40  mm,  X  117.  Pebble  Point 
Formation. 

Fig.  6 — Cibicides  praecursorius  (Schwager).  F17093,  max.  diam.  0*44  mm,  X  117.  Rivernook 
Member. 


Plate  5 

Fig.  1 — Ceratobulimina  westraliensis  Parr.  F 17094,  max.  diam.  0*31  mm,  X  117.  Rivernook 
Member. 

Fig.  2,  3 — Chiloguembelina  crinita  (Glaessner).  (2)  F17095,  length  0  18  mm;  (3)  F17096, 
length  0*23  mm.  Both  X  176.  Rivernook  Member. 

Fig.  4 — Chiloguembelina  trinitatensis  (Cushman  &  Renz).  F 17097,  length  0*25  mm,  X  176. 
Rivernook  Member. 

Fig.  5 — Ceratobulimina  jutlandica  Troelsen.  F17098,  max.  diam.  0*36  mm,  X  117.  Pebble 
Point  Formation. 

Fig.  6 — Lamarckina  rugulosa  Plummer.  F17099,  max.  diam.  0*33  mm,  X  117.  Rivernook 
Member. 

Fig.  7 — Epistominoides  wilcoxensis  (Cushman  &  Ponton).  F17100,  max.  diam.  0*36  mm, 
X  117.  Rivernook  Member. 

Fig.  8 — Lamarckina  naheolensis  Cushman  &  Todd.  F 17 101,  max.  diam.  0  24  mm,  X  176. 
Rivernook  Member. 

Fig.  9,  10 — Karreria  pseudoconvexa  (Parr).  (9)  F17102,  max.  diam.  0*33  mm.  (10)  F17103, 
max.  diam.  0*60  mm.  Both  X  117.  Pebble  Point  Formation. 
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Plate  6 

Fig.  1 — Globorotalia  imitata  Subbotina.  F17104,  max.  diam.  0  24  mm,  X  176.  Pebble  Point 
Formation. 

Fig.  2 — Globorotalia  chapmani  Parr.  F17105,  max.  diam.  0  21  mm,  X  176.  Pebble  Point 
Formation. 

Fig.  3 — Globorotalia  pseudomenardii  Bolli.  F17107,  max.  diam.  0-21  mm,  X  176.  Rivemook 
Member. 

Fig.  4 — Globorotalia  pusilla  laevigata  Bolli.  F17106,  max.  diam.  019  mm,  X  176.  Rivernook 
Member. 

Fig.  5 — Globigerina  esnaensis  LeRoy.  F17108,  max.  diam.  0-31  mm,  X  117.  Rivernook 
Member. 

Fig.  6— Globorotalia  aequa  Cushman  &  Renz.  F17109,  max.  diam.  0  44  mm,  X  117.  River¬ 
nook  Member. 
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THE  EVOLUTION  OF  SANDY  BARRIER  FORMATIONS 
ON  THE  EAST  GIPPSLAND  COAST 

By  E.  C.  F.  Bird 

Australian  National  University 

Abstract 

Two  stages  of  development  are  recognized  in  the  sandy  barriers  of  the  East  Gippsland 
coast:  a  late  Pleistocene  stage  (the  prior  barrier  and  parts  of  the  inner  barrier  in  the 
Gippsland  Lakes  region),  separated  by  features  of  dissection  and  rearrangement  during  the 
Last  Glacial  phase  of  low  sea  level  from  the  Recent  stage  (the  rest  of  the  inner  barrier, 
together  with  the  outer  barrier),  added  during  and  since  the  post-glacial  marine  transgression. 

Introduction 

The  coast  of  East  Gippsland  (Fig.  1)  is  bordered  by  a  series  of  sandy  barrier 
formations.  An  outer  barrier,  extending  for  the  whole  length  of  the  Ninety  Mile 
Beach,  is  backed  by  a  narrow  tract  of  lagoons  and  swamps,  and  then  a  line  of 
bluffs,  facing  seaward,  which  mark  a  former  cliffed  coastline  at  the  margin  of  a 
gently  undulating  plateau  of  Tertiary  and  Pleistocene  rocks.  Between  Letts  Beach 
and  Red  Bluff,  the  former  cliffed  coastline  recedes  behind  an  embayment  of 
intricate  configuration,  the  East  Gippsland  embayment,  which  has  been  sealed  off 
by  barriers  to  form  the  Gippsland  Lakes.  Here,  in  addition  to  the  outer  barrier, 
there  is  an  inner  barrier  enclosing  L.  Wellington,  L.  Victoria,  and  L.  King,  and 
parts  of  a  prior  barrier,  so  called  because  it  originated  at  the  head  of  the  East 
Gippsland  embayment  before  the  Gippsland  Lakes  were  enclosed  by  the  inner 
and  outer  barriers. 

This  paper  is  concerned  with  the  barriers  that  lie  behind  the  Ninety  Mile  Beach, 
rather  than  with  the  more  complicated  pattern  of  barrier  islands  in  the  South 
Gippsland  embayment  between  Shoal  Inlet  and  Comer  Inlet  (Fig.  1)  which  have 
not  yet  been  studied  in  detail. 

In  previous  work  (Bird  1961a,  1963),  it  was  concluded  that  the  three  barrier 
formations  in  East  Gippsland  developed  successively  on  a  coast  of  submergence 
produced  by  the  post-glacial  marine  transgression  which  took  place  at  the  end  of 
Pleistocene  times,  and  that  they  were  therefore  of  Recent  (Holocene)  age.  It  was 
suggested  that  the  prior  barrier  developed  first,  at  the  head  of  the  East  Gippsland 
embayment,  when  the  post-glacial  transgression  came  to  an  end;  the  inner  barrier 
then  originated  as  a  spit,  which  grew  across  the  mouth  of  the  embayment  and  was 
subsequently  widened  by  progradation  on  the  seaward  side.  Evidence  that  the  sea 
stood  slightly  above  its  present  level  when  these  two  barriers  formed  led  to  a 
correlation  with  the  10-ft  higher  sea  level  regarded  by  Fairbridge  (1948,  1961) 
and  others  as  the  maximum  attained  at  the  height  of  the  post-glacial  transgression. 
The  outer  barrier,  which  generally  lies  about  a  mile  seaward  of  the  inner  barrier 
shoreline,  was  attributed  to  the  succeeding  ‘Recent  emergence’  when  the  sea  fell 
to  its  present  level,  transposing  the  zone  of  barrier  formation  seaward. 

Subsequent  wrork  on  various  kinds  of  barrier  formation,  notably  on  the  South 
Australian  and  New  South  Wales  coasts  (Bird  1965),  has  led  the  author  to  doubt 
the  chronology  previously  proposed  for  the  East  Gippsland  barrier  sequence.  The 
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Fig.  1 — Barrier  formations  on  the  East  Gippsland  coast. 
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detailed  work  of  Thom  (1965)  on  the  coastal  barriers  of  the  Port  Stephens  district 
in  New  South  Wales,  and  the  more  general  discussion  by  Langford-Smith  and 
Thom  (1965)  of  New  South  Wales  barrier  formations,  prompted  a  re-examination 
of  the  evidence  of  barrier  age  in  East  Gippsland  and,  as  a  result  of  this,  a  revision 
of  the  previous  chronology  is  necessary.  It  is  now  suggested  that  the  prior  barrier, 
together  with  parts  of  the  inner  barrier,  formed  during  a  late  Pleistocene  phase 
when  the  sea  stood  at,  or  a  few  feet  above,  its  present  level;  that  these  barriers  were 
dissected  by  stream  incision  and  partially  rearranged  by  wind  action  during  a 
subsequent  low  sea  level  phase,  evidently  the  Last  Glacial  phase;  and  that  the 
outer  barrier,  together  with  part  of  the  inner  barrier,  developed  when  the  sea 
returned  to  its  present  general  level  in  Recent  times. 

The  evidence  for  the  revised  chronology  comes  mainly  from  the  Paynesvillc 
district,  in  the  Gippsland  Lakes  region  (Fig.  2),  where  the  prior  barrier  is  repre¬ 
sented  by  Banksia  Peninsula  and  Raymond  Is.,  the  inner  barrier  by  Sperm  Whale 
Head  and  the  Boole  Boole  Peninsula  (including  Jubilee  Head),  and  the  outer 
barrier  by  the  dune  ridges  at  Ocean  Grange  and  the  Ninety  Mile  Beach.  These 
form  the  visible  surface  tracts  of  a  large  mass  of  generally  consolidated  and  mainly 
sandy  sediment,  banked  upon  a  coastal  ledge  of  consolidated  Upper  Tertiary,  and 
possibly  Lower  Pleistocene,  rock  formations  in  a  manner  previously  described  and 
illustrated  (Bird  1963,  p.  236).  Similar  masses  of  Quaternary  deposits  have 
accumulated  on  many  parts  of  the  Australian  coast  as  beach  and  barrier  formations, 
often  enclosing  lagoons  or  tracts  of  swamp  iand,  and  it  is  now  clear  that  the  East 
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Fig.  2 — Barrier  formations  in  the  Paynesville  district  (Boole  Boole  Peninsula  refers  to 
the  whole  of  the  inner  barrier  W.  from  Metung  to  Jubilee  Head). 
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Gippsland  barriers  represent  at  least  two  phases  of  deposition  as  the  sea  level  rose 
and  fell  during  Pleistocene  and  Recent  times. 

The  building  of  coastal  barriers 

Sandy  barriers  of  the  East  Gippsland  type  were  formerly  called  offshore  bars 
(e.g.  Johnson  1919),  but  modern  workers  have  followed  Shepard’s  (1952)  suggestion 
that  the  term  ‘bar’  should  be  restricted  to  features  submerged  by  the  sea  for  at 
least  part  of  the  tidal  cycle,  and  that  depositional  forms  above  normal  high  tide 
level  should  be  termed  ‘barriers’.  Johnson  (1919)  deduced  that  wave  action  would 
build  a  barrier  parallel  to  the  coastline  in  the  offshore  zone  if  the  depth  of  water 
were  suddenly  reduced  by  emergence,  due  to  uplift  of  the  coast  or  a  fall  in  sea 
level.  Alternatively,  a  barrier  may  originate  as  a  spit,  elongated  parallel  to  the 
general  outline  of  the  coast,  or  across  the  mouth  of  an  estuary  or  embayment.  Both 
mechanisms  of  formation  require  the  delivery  of  sediment  to  the  developing  barrier, 
either  eroded  or  collected  from  the  sea  floor  and  carried  shorewards  (onshore 
drifting)  or  brought  along  the  shore  from  either  direction  (longshore  drifting),  and 
most  barriers  have  been  nourished  by  a  combination  of  the  two  processes.  Further 
reference  to  the  problem  of  barrier  initiation  will  be  made  after  considering  the 
evidence  from  East  Gippsland. 

Sandy  barriers  on  the  Australian  coast  are  typically  surmounted  by  beach  ridges 
(berms)  built  parallel  to  the  shoreline  by  wave  action.  These  have  evidently  formed 
successively,  as  a  consequence  of  the  alternation  of  ‘cut’  and  ‘fill’  on  a  shoreline 
prograding  by  sand  accretion.  The  beach  profile  is  ‘cut’  during  stormy  weather, 
when  short,  steep  waves  scour  away  the  sand,  whereas  ‘fill’  takes  place  during  calm 
weather,  when  long,  low  ocean  swell  delivers  sand  to  the  shore  and  builds  up  a 
berm  along  the  length  of  a  beach  (Davies  1957).  Parallel  foredunes  may  be  added 
when  colonizing  vegetation  traps  wind-blown  sand  on  beach  ridge  foundations 
(Bird  1960).  Successions  of  parallel  beach  ridges,  with  or  without  surmounting 
dunes,  commemorate  the  former  alignments  of  a  prograding  sandy  shore,  align¬ 
ments  which  have  evidently  been  determined  largely  by  the  dominant  pattern  of 
constructive  ocean  swell  approaching  through  coastal  waters,  and  often  refracted 
to  gently-curved  outlines  by  contact  with  the  sea  floor  (Davies  1960). 

The  pattern  of  parallel  beach  ridges  and  dunes  may  be  rearranged  during 
subsequent  cycles  of  ‘cut’  and  ‘fill’,  or  interrupted  by  the  development  of  ‘blowouts’, 
which  often  grow  into  larger,  migrating  parabolic  dunes,  with  advancing  noses  of 
spilling  sand  and  trailing  arms  held  in  place  by  vegetation.  Blowouts  and  parabolic 
dunes  formed  in  this  way  have  axes  aligned  with  the  onshore  resultants  of  wind 
action,  as  determined  from  directional  wind  vector  diagrams  (Jennings  1957).  Their 
pattern  interrupts  and  displaces  pre-existing  parallel  beach  ridges  and  dunes. 
Blowouts  are  generally  initiated  where  the  retentive  cover  of  dune  vegetation  is 
damaged  or  destroyed,  particularly  where  a  foredune  is  truncated  at  the  back  of 
the  shore  by  storm  wave  action,  laying  bare  a  cliff  of  crumbling  sand  in  which  the 
wind  carves  out  a  hollow,  spilling  some  of  the  sand  landward.  Blowouts  may  also 
form  where  the  edge  of  a  vegetated  dune  is  cut  back  by  river  or  tidal  scour,  or 
where  the  vegetation  cover  is  weakened  by  fire,  overgrazing,  aridity,  or  excessive 
trampling  by  animals  or  man.  If  the  initiating  factor,  whether  erosional  or 
ecological,  ceases  to  operate,  a  blowout  or  a  parabolic  dune  may  be  arrested  and 
stabilized  by  recolonizing  vegetation. 

On  the  East  Gippsland  coast  the  barriers  consist  mainly  of  quartz  sand,  with 
only  a  small  proportion  of  shelly  material.  The  proportion  of  carbonates  in  the 
sand  on  the  Ninety  Mile  Beach  rarely  exceeds  10  per  cent,  and  it  is  probable  that 
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the  beach  ridges  and  dunes  of  the  barriers  here  were  built  from  similar  material. 
The  characteristic  succession  of  soil  and  vegetation  features  seen  on  transects  across 
parallel  beach  ridges  and  dunes  of  quartzose  sand  leads  to  the  development  of 
deep  podzol  profiles  and  vegetation  communities  dominated  by  heath  species  on 
the  oldest  sites  (Burges  and  Drover  1957;  Turner,  Carr,  &  Bird  1962).  The  leaching 
of  carbonates  from  the  upper  layers  of  a  newly-built  beach  ridge  or  dune  by 
percolating  rainwater  is  followed  by  the  removal  of  the  iron  oxides  that  give  fresh 
sand  grains  their  yellow  colouring,  and  organic  matter  derived  from  dune  vegetation 
is  washed  down  through  the  sand  and  accumulates,  together  with  some  of  the 
leached  iron  oxides,  as  an  illuvial  horizon  of  lightly-cemented  sandrock  (‘coffee 
rock’),  generally  close  to  the  level  of  seasonal  water-table  fluctuations.  This  is 
essentially  the  process  of  podzolization  and  the  end-product,  a  deeply-leached  ‘A’ 
horizon  over  an  illuvial  sandrock  ‘B’  horizon,  is  termed  a  ground-water  podzol 
(Stephens  1962).  The  process  is  accompanied  by,  and  to  some  extent  depends  on, 
a  vegetation  succession  that  starts  with  the  grasses  (chiefly  Festuca  littoralis, 
Spinifex  hirsutus,  and  the  introduced  Ammophila  arenarid)  that  trap  wind-blown 
sand  to  build  foredunes  at  the  back  of  a  beach.  Growing  foredunes  remain  grassy, 
but  once  a  newer  foredune  develops,  cutting  off  the  supply  of  wind-blown  sand, 
growth  ceases  and  the  grasses  are  replaced  by  ‘dune  scrub’  communities,  dominated 
by  Leptospermum  laevigatum ,  with  the  coastal  banksia  tree  Banksia  integrifolia 
common.  Under  dune  scrub  the  sand  is  leached  to  depths  of  2-3  ft,  the  surface 
sand  having  a  pH  value  of  5  5  to  6  5  (compared  with  about  8  0  for  fresh  dune 
sand),  with  no  shell  material  remaining.  On  the  older  beach  ridges  and  dunes, 
scrub  is  replaced  by  ‘dune  woodland’,  with  Eucalyptus  viminalis  the  dominant  tree, 
and  an  undergrowth  of  bracken  ( Pteridium  esculentum).  Here,  the  dune  sand  may 
be  leached  to  depths  of  more  than  10  ft,  the  leached  zone  being  underlain  by  a 
layer  stained  brown  by  the  accumulation  of  organic  matter  and  iron  oxides,  but 
not  yet  a  firm  coffee  rock.  Surface  sand  has  pH  values  in  the  range  5  0  to  6-5 
and,  as  acidity  increases,  the  coastal  banksia  gives  place  to  the  saw  banksia,  Banksia 
serrata.  This  tree  shares  dominance  with  E.  viminalis  on  the  oldest  beach  ridges 
and  dunes,  where  ‘heath  woodland’  is  developed,  the  bracken  undergrowth  giving 
place  to  communities  of  heath  shrubs  (e.g.  Epacris  impressa ,  Hibbertia  acicularis, 
Astroloma  humifusum,  Amperea  xiphoclada ,  and  the  localized  dotted  heath-myrtle, 
Thryptomene  miqueliana,  abundant  on  Sperm  Whale  Head).  Locally,  the  heath  is 
almost  treeless.  The  soils  are  profoundly  leached  and  strongly  acid  (pH  consider¬ 
ably  below  4  0  at  the  surface),  with  a  firm  coffee  rock  horizon  at  depth. 

The  succession  of  soil  and  vegetation  features  across  parallel  beach  ridges  and 
dunes  clearly  represents  an  age  sequence  from  the  youngest,  newly  developed  on  a 
prograding  shore,  to  the  oldest,  towards  the  landward  margin.  Where  blowouts  and 
parabolic  dunes  have  developed,  the  transverse  age  sequence  of  soil  and  vegetation 
features  has  been  interrupted. 

The  prior  barrier 

The  prior  barrier,  traceable  from  the  N.  side  of  L.  Wellington  eastwards  to 
Banksia  Peninsula  and  Raymond  Is.,  originally  developed  in  front  of  a  cliffed 
coastline  at  the  head  of  the  East  Gippsland  embayment.  The  probable  configuration 
at  this  stage  is  shown  in  Fig.  4a,  with  Tom’s  Ck  flowing  into  a  lagoon  behind  the 
W.  half  of  the  prior  barrier,  and  the  outlet  from  Newlands  Backwater  deflected 
north-eastwards,  through  McMillan  Strait,  to  open  into  what  is  now  the  N.  part 
of  L.  King.  This  reconstruction  is  based  on  the  pattern  of  beach  ridges  which  form 
the  ground-plan  of  the  dissected  remnants  of  the  prior  barrier.  Best  preserved  on 
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Fig.  3 — Transverse  profiles  of  barrier  formations  shown  on  Fig.  2.  AB,  prior  barrier 
at  Banksia  Peninsula.  CD,  inner  barrier  at  Sperm  Whale  Head.  EF,  outer  barrier  near 
Ocean  Grange  and  inner  barrier  at  Boole  Boole  Peninsula. 
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Banksia  Peninsula,  these  run  roughly  parallel  to  the  bluffs  that  lie  behind  them. 
Their  crests  are  spaced  at  intervals  of  100-150  yds,  and  their  amplitude  (from 
crest  to  swale)  is  5-15  ft.  The  swales  stand  generally  5-10  ft  above  the  calm- 
weather  level  of  L.  Victoria,  the  lake  level  being  approximately  equivalent  to  mean 
sea  level  in  Bass  Strait.  In  section  (Fig.  3ab),  the  topography  is  subdued  and 
there  is  a  slight  seaward  fall.  The  sand  has  been  thoroughly  leached,  and  a  well- 
defined  coffee  rock  layer  is  found  about  5  ft  beneath  the  swales  and  up  to  10  ft 
beneath  the  crests;  it  is  horizontal  or  gently  undulating  and  a  little  above  calm- 
weather  lake  level.  Heath  woodland  vegetation  is  dominant. 

These  features  of  morphology,  soil,  and  vegetation  suggest  that  the  prior  barrier 
is  of  considerable  antiquity,  and  the  slightly  elevated  swales  may  indicate  that  sea 
level  at  the  time  of  prior  barrier  formation  stood  a  little  higher  than  it  does  now. 
But  there  has  been  much  subsequent  dissection.  S.  of  Paynesville,  a  broad  strait 
has  been  cut  through  the  prior  barrier,  separating  Raymond  Is.  from  Banksia 
Peninsula,  and  wide  embayments  have  been  formed  intersecting  the  barrier  on  the 
N.  shore  of  L.  Victoria.  In  addition,  there  are  other  outgrowths  in  the  form  of 
recurved  spits  and  cuspate  forelands,  the  largest  of  which  has  grown  southwards 
to  separate  L.  Wellington  from  L.  Victoria.  Parts  of  the  sandy  terrain  lying  N.  of 
these  lakes  are  therefore  of  comparatively  recent  origin;  several  of  the  cuspate 
forelands  on  the  N.  shore  of  L.  Victoria  are  still  being  enlarged  by  sand  accretion. 
The  shores  of  Banksia  Peninsula  and  Raymond  Is.  also  show  marginal  depositional 
features  of  more  recent  origin  added  to  the  dissected  remnants  of  the  original  prior 
barrier. 

The  inner  barrier 

The  inner  barrier  is  of  composite  origin  and  has  had  a  complex  history.  The 
ground-plan  of  beach  ridges  and  dune  ridges  at  its  SW.  end,  S.  of  L.  Wellington, 
shows  that  it  originated  as  a  recurved  spit  which  was  prolonged  intermittently 
north-eastwards  across  the  mouth  of  the  embayment,  and  afterwards  widened  by 
the  addition  of  successive  parallel  beach  ridges  and  low  foredunes  on  the  seaward 
side  (Bird  1963,  Fig.  1).  The  parallel  ridges  are  well  preserved  on  Sperm  Whale 
Head  (Fig.  2),  where  their  dimensions  and  spacing  (Fig.  3cd)  are  similar  to 
those  on  Banksia  Peninsula.  The  swales  are  again  5-10  ft  above  calm-weather  lake 
level,  and  there  are  deep  podzol  profiles,  with  coffee-rock  at  depth,  and  a  heath 
woodland  vegetation,  all  suggestive  of  an  age  comparable  with  that  of  the  prior 
barrier.  It  appears  that  the  recurved  spit,  which  became  the  first  inner  barrier, 
grew  across  the  mouth  of  the  embayment  soon  after  the  prior  barrier  had  formed, 
enclosing  a  lagoon  system  on  the  site  of  the  present  Gippsland  Lakes  (Fig.  4b). 

The  inner  barrier  has  been  much  modified  since  it  first  formed.  The  pattern  of 
parallel  beach  ridges  and  dunes  has  been  partially  rearranged  into  a  group  of 
parabolic  dunes  which  migrated  eastwards  until  they  became  stabilized  in  their 
present  positions.  These  are  well  displayed  on  Sperm  Whale  Head  (Fig.  2),  where 
the  older  beach  ridges,  low  and  widely-spaced,  are  in  sharp  contrast  with  the 
adjacent  parabolic  dunes  which  are  locally  more  than  90  ft  high.  Soil  profiles  on 
the  parabolic  dunes  are  only  a  few  feet  deep  compared  with  the  ground-water 
podzols  on  the  undisturbed  beach  ridges,  and  the  Leptospermum  laevigatum  scrub 
and  dune  woodland  on  the  parabolic  dunes  is  in  sharp  contrast  with  the  heath 
woodland  on  the  older  beach  ridges.  The  evidence  of  soils  and  vegetation  therefore 
confirms  the  idea  that  rearrangement  into  parabolic  dunes  took  place  after  the 
original  formation  of  low  and  widely-spaced  beach  ridges  on  the  inner  barrier,  and 
came  to  an  end  when  a  vegetation  cover  became  re-established  on  the  parabolic 
dunes. 
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Fig.  A — Evolution  of  barrier  formations  in  the  Gippsland  Lakes  region. 
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The  swales  that  lie  between  the  trailing  arms  of  these  parabolic  dunes  are  now 
swampy  flats,  occupied  by  lagoons  after  heavy  rain  or  when  flood  waters  invade 
from  L.  Victoria.  They  generally  have  a  central  unvegetated  clay  plain,  surrounded 
bv  zones  of  salt  marsh  and  swamp  scrub  (mainly  Melaleuca  ericifolia )  vegetation; 
Killamey  Swamp  on  Sperm  Whale  Head,  shows  these  typical  features.  Borings 
have  shown  that  the  swamp  deposits,  chiefly  organic  clays  and  silts,  extend  to  a 
deoth  of  at  least  20  ft  here,  and  so  the  deflated  sandy  floor  of  the  parabolic  dune 
must  lie  considerably  below  present  lake  level  and  well  below  present  sea  level. 
From  this  evidence  it  is  concluded  that  the  parabolic  dunes  developed  at  a  time 
when  the  sea  stood  at  a  lower  level  than  it  does  now,  that  is  before  the  post-glacial 
marine  transgression  brought  the  sea  to  its  present  general  level.  This  transgression 
flooded  the  swale  to  form  a  narrow  lagoon,  which  has  since  been  filled  to  calm- 
weather  lake  level  by  accumulation  of  swamp  deposits.  It  is  inferred  that,  during 
the  Last  Glacial  phase  of  low  sea  level,  late  in  Pleistocene  times,  the  basin  now 
nrcuoied  by  L.  Wellington  and  L.  Victoria  drained  out,  and  that  the  Latrobe  and 
Avon  Rivers,  together  with  other  tributaries,  extended  their  courses  along  the 
emerged  furrow  and  found  a  way  out  across  the  sea  floor  to  the  ow  sea  level. 
The  broad  gap  in  the  inner  barrier  E.  of  Sperm  Whale  Head  probably  marks  the 
site  where  river  drainage  escaped  at  this  stage.  The  prior  barrier  was  now  breached 
bv  the  outflow  from  Tom’s  Ck,  which  then  became  incised  into  a  lacustrine  plain 
which  is  the  emerged  floor  of  the  lagoon  mentioned  previously  in  the  section  on 
JL  prior  barrier,  and  from  Forge  Ck  (Newlands  Backwater)  which  found  a  south¬ 
ward  outlet  between  Banksia  Peninsula  and  Raymond  Is.  L.  King  must  also  have 
drained  out  so  that  the  Mitchell,  Nicholson,  and  Tambo  Rivers  flowed  across  its 
floor  and  out  through  the  broad  gap  in  the  inner  barrier.  The  configuration  at  this 
stage  is  shown  in  Fig.  4c.  The  inner  side  of  the  inner  barrier  was  probably  cut 
back  with  initiation  of  parabolic  dunes,  as  the  result  of  scour  by  the  extended 
Latrobe  River  flowing  along  what  is  now  the  floor  of  L.  Victoria. 

During  the  succeeding  marine  transgression,  the  rising  sea  flooded  back  into 
the  lagoon  basins  and  the  outer  barrier  was  built  up  as  an  additional  seaward 
rampart  enclosing  the  Gippsland  Lakes.  The  swales  of  parabolic  dunes  on  Sperm 
Whale  Head  were  flooded  and,  as  swamps  began  to  develop  in  them,  the  dunes, 
no  longer  activated  by  wind-drifted  sand,  became  colonized  by  vegetation  and 
stabilized  in  their  present  outlines.  By  this  time,  however,  an  additional  change 
had  occurred  in  the  inner  barrier,  for  the  E.  half  (the  N.  portion  of  Boole  Boole 
Peninsula-)  stands  at  a  lower  elevation  than  the  W.  half,  Sperm  Whale  Head.  Low, 
widely-spaced  parallel  ridges,  similar  to  those  on  Sperm  Whale  Head,  are  still 
traceable  on  the  N.  portion  of  Boole  Boole  Peninsula  and  the  soil  and  vegetation 
features  are  also  similar,  but  the  intervening  swales  stand  at  or  below  present  calm- 
weather  lake  level,  compared  with  an  elevation  of  5-10  ft  on  Sperm  Whale  Head. 
The  swales  are  occupied  by  tracts  of  swamp  land,  bordered  by  salt  marsh  and 
swamp  scrub  vegetation  (Bird  1962),  but  eastwards  (S.  of  Metung)  they  widen 
and  coalesce  as  the  beach  ridges  vanish  beneath  a  broad  swamp.  Traced  by 
probing,  they  remain  widely-spaced  and  parallel  (Fig.  3ef,  right-hand  portion). 
This  evidence  suggests  that  the  inner  barrier  has  been  tilted  transversely,  either  by 
tectonic  elevation  of  the  section  farther  W.,  or  because  of  subsidence  of  Boole 
Boole  Peninsula,  which  could  result  from  compaction  of  underlying  deposits,  such 
as  compressible  peats,  interbedded  at  depth.  The  immediate  consequence  is  that 
the  younger  foredunes  of  the  outer  barrier,  which  farther  W.  developed  a  mile  or  so 
seaward  of  the  inner  barrier  shoreline,  have  been  built  on  to  the  S.  part  of  Boole 
Boole  Peninsula  (Fig.  4d);  although  geographically  part  of  the  inner  barrier,  these 
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foredunes  are  undoubtedly  of  Recent  origin,  having  developed  as  the  post-glacial 
transgression  submerged  the  S.  margin  of  the  older  barrier.  There  is  a  succession 
of  high  (20-30  ft)  and  closely-spaced  (30-50  yds)  parallel  dunes  (Fig.  3ef), 
with  dune  woodland  on  soils  that  are  leached  to  about  10  ft,  but  with  no 
development  of  true  coffee  rock.  The  parallel  dunes  extend  W.  to  Jubilee  Head, 
a  complex  recurved  spit  on  the  E.  side  of  a  ‘tidal  delta’  of  shoals,  low  islands,  and 
channels,  which  marks  a  gap  in  the  barrier  system  open  to  the  sea  until  very 
recently.  On  the  W.  side  of  this  gap  there  is  a  matching  recurved  spit  at  Rotomah 
Is.  and  it  is  probable  that,  at  one  stage,  this  section  of  the  barrier  extended  farther 
to  the  SW.  The  S.  margin  of  Boole  Boole  Peninsula  has  an  extremely  fresh 
appearance  and  was  clearly  a  beach,  open  to  the  sea,  until  the  outer  barrier 
developed  in  front  of  it. 

The  outer  barrier 

Westwards  from  Sperm  Whale  Head,  the  outer  barrier  stands  about  a  mile 
seaward  of  the  S.  shore  of  the  inner  barrier,  separated  from  it  by  L.  Reeve,  a 
tract  of  sandflats,  salt  marshes,  and  shallow  lagoons.  The  Ninety-Mile  Beach  forms 
its  seaward  margin  and  it  is  surmounted  by  a  series  of  high  (20-80  ft)  and  closely- 
spaced  (30-50  yds)  parallel  dunes.  At  Ocean  Grange  there  are  two  of  these  but, 
westwards,  the  number  increases  to  a  maximum  of  thirteen  at  Letts  Beach,  where 
the  vegetation  on  parallel  dunes  shows  the  early  stages  in  succession  from  grasses 
on  the  unleached  sand  of  newly-built  foredunes  to  dune  scrub  and  woodland  on 
the  moderately  leached  sand  of  the  inner  ridges.  Depth  of  leaching  increases  from 
dune  crest  to  dune  crest  on  landward  transects  away  from  the  Ninety  Mile  Beach, 
confirming  that  these  dunes  were  built  successively  on  a  sandy  shore  that  has 
prograded.  The  oldest,  on  the  landward  side,  has  been  leached  to  a  depth  of  about 
5  ft  but,  although  the  underlying  sand  is  stained  reddish-brown,  the  accumulation 
of  down-washed  organic  matter  and  iron  oxides  has  not  yet  reached  the  status  of 
coffee  rock.  The  absence  of  heath  vegetation  and  the  rarity  of  the  saw  banksia 
( B .  serrata)  on  the  dunes  of  the  outer  barrier  support  the  idea  that  these  parallel 
dunes  are  of  no  great  age. 

The  initiation  of  the  outer  barrier  is  not  easily  explained,  for  it  does  not 
conform  exactly  with  either  of  the  usual  explanations  of  barrier  formation  mentioned 
previously.  As  the  S.  shore  of  the  inner  barrier  at  Sperm  Whale  Head  shows  no 
sign  of  any  recent  modification  by  the  waves  of  the  open  sea,  the  outer  barrier  must 
have  come  into  existence  during  the  later  stages  of  the  post-glacial  marine  trans¬ 
gression  as  the  sea  approached  its  present  general  level.  The  pattern  of  parallel 
dunes  yields  a  little  more  evidence,  for  the  multiple  foredunes  at  Letts  Beach  indicate 
a  section  of  the  barrier  that  developed  at  an  early  stage  as  a  barrier  island.  Traced 
laterally,  the  inner  dunes  curve  away  successively  to  recurved  terminations  in 
L.  Reeve,  the  number  of  parallel  dunes  diminishing  in  this  manner  north-eastwards 
and  south-westwards  from  Letts  Beach.  The  barrier  island  initiated  offshore  at 
Letts  Beach  was  evidently  elongated  north-eastwards  and  south-westwards  and 
prograded  to  take  up  the  present  alignment  of  the  Ninety  Mile  Beach.  South- 
westwards,  the  growth  of  the  outer  barrier  cut  off  a  formerly  cliffed  coastline  at 
Seaspray,  and  continued  to  its  present  termination  as  a  recurved  spit  S.  of 
Woodside,  with  Shoal  Inlet  on  the  inner  flank.  Growth  to  the  NE.  was  irregular, 
for  there  are  a  series  of  curved  channels  leading  from  L.  Reeve  into  the  back  of 
the  outer  barrier  W.  of  Rotomah  Is.  (Fig.  2),  which  testify  to  the  former  existence 
of  gaps  in  the  barrier,  diverted  north-eastwards  by  longshore  drifting  before  they 
were  finally  sealed  off.  The  features  are  similar  to  those  described  by  Lucke  (1934) 
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from  coastal  barriers  in  the  vicinity  of  Barnegat  Inlet,  New  Jersey,  where  gaps  in 
the  barriers  have  migrated  and  closed  under  the  influence  of  longshore  drifting. 
Current  action  in  these  deflected  channels  evidently  truncated  the  south-westward 
extensions  of  Rotomah  Is.,  fragments  of  which  are  traceable  in  the  sandy  terrain 
on  the  S.  side  of  L.  Reeve.  The  continued  growth  of  the  outer  barrier  north¬ 
eastwards  eventually  outflanked  the  gap  between  Rotomah  Is.  and  Jubilee  Head, 
Bunga  Arm  persisting  as  an  outlet  channel  that  also  suffered  north-eastward 
diversion  and  final  closure.  The  story  was  completed  by  the  extension  of  the  outer 
barrier  as  far  as  Red  Bluff,  the  Cunninghame  Arm  at  Lakes  Entrance  being  the 
last  of  the  deflected  outlets  from  the  Gippsland  Lakes,  still  active  at  the  time  of 
discovery  in  1839  (Fig.  4e).  The  cutting  of  an  artificial  entrance  through  the 
outer  barrier  at  Lakes  Entrance  in  1889  stabilized  the  outlet  from  the  Gippsland 
Lakes  and  led  to  the  sealing  of  the  former  natural  outlet  farther  E.  (Bird  1961b). 

The  initiation  of  the  outer  barrier  in  the  vicinity  of  Letts  Beach  may  have  been 
a  consequence  of  an  exceptionally  abundant  nearshore  sand  supply  on  this  section 
of  the  coast,  or  it  may  have  been  prompted  by  localized  tectonic  uplift  of  the  land. 
It  is  perhaps  significant  that  Letts  Beach  lies  upon  the  seaward  continuation  of  the 
Deadman’s  Hill  ridge,  an  anticlinal  area  of  Tertiary  rocks  in  a  region  that  has 
been  subject  to  tectonic  deformation  during  Quaternary  times  (Boutakoff  1955); 
its  uplift  could  still  have  been  in  progress  when  the  post-glacial  marine  transgression 
came  to  an  end  and,  indeed,  may  have  been  part  of  the  movement  which  gave  the 
inner  barrier  a  lateral  tilt.  Elongation  and  progradation  of  the  barrier  island  initiated 
here  resulted  from  the  continued  delivery  of  large  quantities  of  sand  to  the  coast, 
and  sand  has  been  spread  along  the  shore  in  either  direction  by  the  action  of  waves 
and  associated  currents. 

In  these  terms,  it  is  not  necessary  to  invoke  an  episode  of  general  ‘Recent 
emergence’  to  explain  the  initiation  of  the  outer  barrier,  although  the  possibility  of 
localized  emergence  due  to  uplift  of  the  land  has  been  mentioned.  The  view  that 
the  post-glacial  marine  transgression  rose  to  a  higher  level  about  4,000-6,000  years 
ago  and  then  dropped  back  to  its  present  stand  has  been  widely  accepted  by 
Australian  coastal  geomorphologists  following  Fairbridge  (1948)  and  others,  but 
it  has  been  criticized,  notably  by  Shepard  (1961)  and  Russell  (1963),  on  the 
grounds  that  the  evidence  is  not  world-wide  in  the  manner  required  for  a  eustatic 
oscillation  of  sea  level.  The  widely-reported  evidence  of  Recent  emergence  on  the 
Australian  coast  may  result  from  uplift  of  certain  sections  of  the  coast  late  in 
Quaternary  times;  on  the  East  Gippsland  coast,  Recent  emergence,  if  it  has  occurred 
at  all,  has  evidently  been  localized  in  a  manner  suggestive  of  tectonic  uplift. 

Present-day  shoreline  erosion 

The  long-continued  progradation  of  the  sandy  shoreline  of  East  Gippsland 
appears  to  have  come  to  an  end  at  least  temporarily,  for,  during  the  last  few 
decades,  ‘cut’  has  exceeded  ‘fill’  along  the  Ninety  Mile  Beach  and  new  foredunes 
have  not  developed.  Instead,  the  outer  edge  of  the  youngest  dunes  has  been 
truncated  by  wave  attack  and  blowouts  have  been  initiated,  with  sand  spilling 
landwards  across  the  outer  barrier.  NE.  of  Ocean  Grange  this  erosion  may  soon 
breach  the  outer  barrier  and  reopen  Bunga  Arm  as  a  natural  outlet  from  the 
Gippsland  Lakes. 

Evidence  of  a  very  recent  phase  of  shoreline  erosion  is  widespread  on  the  sandy 
shores  of  SE.  Australia,  and  has  been  attributed  to  a  renewed  eustatic  rise  of  sea 
level,  perhaps  accompanied  by  increasing  storminess  in  coastal  waters  (Davies 
1957).  An  alternative  suggestion  is  that  the  erosion  is  due  to  a  reduction  in  sand 
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supply  in  coastal  waters,  the  consequent  steepening  of  the  offshore  profile  allowing 
more  powerful  wave  action  to  attack  the  shore  (Langford-Smith  &  Thom  1965), 
but  this  reduction  is  probably  associated  with  either  or  both  of  the  factors  noted 
by  Davies.  The  absence  of  cliffing  on  the  foredunes  preserved  behind  the  sandy 
forelands  that  have  developed  since  1889  alongside  the  protruding  stone  jetties  at 
Lakes  Entrance  places  the  onset  of  erosion  within  the  past  century  (Bird  1960), 
and  within  the  period  for  which  world-wide  tide  gauge  analyses  suggest  a  secular 
eustatic  rise  of  sea  level  (Valentin  1952). 

The  source  of  the  sand 

The  traditional  explanation  of  the  origin  of  the  East  Gippsland  barriers  is  that 
sand  has  been  swept  north-eastwards  along  the  coast  from  the  vicinity  of  Wilson’s 
Promontory  by  a  powerful  ocean  current  (Gregory  1903),  and  that  this  was  a 
sequel  to  the  foundering  of  the  ‘land  bridge’  that  formerly  extended  across  Bass 
Strait  between  Tasmania  and  the  mainland  (Hall  1914),  but  these  hypotheses 
cannot  be  accepted  in  the  light  of  modern  knowledge  of  coastal  evolution.  The 
‘powerful  ocean  current’  does  not  exist,  and  the  weak  ebb-and-flow  tidal  currents 
which  occur  off  the  Ninety  Mile  Beach  cannot  have  moved  much  sand,  but  sand 
is  transported  north-eastwards  along  the  Ninety  Mile  Beach  as  the  result  of  long¬ 
shore  drifting  by  waves  and  associated  currents  generated  when  strong  winds  drive 
in  waves  from  the  SW.,  and  in  the  opposite  direction  when  the  waves  come  in  from 
an  easterly  direction.  As  the  westerly  winds  are  prevalent,  the  drift  to  the  NE. 
probably  exceeds  that  to  the  SW.  The  balance  is  a  fine  one,  however,  for  the 
similar  scale  of  beach  accumulation  on  either  side  of  the  protruding  stone  jetties  at 
Lakes  Entrance  indicates  that  similar  quantities  of  sand  have  arrived  here  from 
both  directions  (Bird  1961b). 

There  is  little  evidence  that  a  major  source  of  sand  existed  formerly  in  the 
vicinity  of  Wilson’s  Promontory  and,  as  the  plunging  coastal  slopes  of  resistant 
granite  have  not  been  cliffed  by  marine  erosion  since  the  sea  attained  its  present 
level,  they  cannot  have  produced  large  quantities  of  sand.  In  any  case,  the  barriers 
have  not  grown  north-eastwards  from  Wilson’s  Promontory,  for  the  prior  and  inner 
barriers  originated  in  the  East  Gippsland  embayment  about  50  miles  NE.  of  the 
Promontory,  and  the  outer  barrier  terminates  in  a  recurved  spit  which  has  grown 
south-westwards  towards  Wilson’s  Promontory.  The  suggestion  that  barrier  forma¬ 
tion  was  linked  with  the  making  of  Bass  Strait  is  ruled  out  by  the  evidence  that 
Bass  Strait  has  existed  intermittently  since  late  Tertiary  times  during  the  rise  and 
fall  of  Pleistocene  eustatic  oscillations  of  sea  level  (Jennings  1959a);  it  was  finally 
revived  by  the  post-glacial  marine  transgression,  and  was  already  in  existence  when 
the  sea  rose  towards  the  East  Gippsland  coast  during  the  later  stages  of  that 
transgression.  More  generally,  there  seems  no  need  to  link  the  formation  of  the 
East  Gippsland  barriers  with  the  origin  of  Bass  Strait,  since  there  are  similar  barriers 
on  the  New  South  Wales  coast,  and  in  Encounter  Bay  on  the  South  Australian 
coast,  which  can  bear  no  relation  to  the  formation  of  straits  or  to  any  such  changes 
in  adjacent  coastal  configuration. 

The  origin  of  the  East  Gippsland  barriers  has  evidently  depended  more  on  the 
onshore  drifting  of  sand  and  the  effects  of  refracted  ocean  swell  in  supplying 
sediment  and  determining  shoreline  alignments  than  on  longshore  drifting  of  coastal 
sand.  Longshore  drifting  has  played  a  part  in  the  growth  and  shaping  of  the  barriers, 
but  the  bulk  of  the  material  has  been  eroded  or  collected  from  the  sea  floor  and 
carried  shorewards.  This  is  most  obvious  in  relation  to  the  outer  barrier,  which 
was  prograded  by  sand  accretion  even  after  it  had  developed  in  front  of  the  cliffed 
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coasts  and  river  mouths  which  might  otherwise  be  regarded  as  possible  sources  of 
sand  for  barrier  construction.  The  sand  evidently  came  from  deposits  that  were 
previously  laid  down  on  the  sea  floor  as  barriers  or  dunes  when  the  sea  withdrew 
to  a  low  level  during  the  Last  Glacial  phase.  There  is  now  little  evidence  of  these 
depositional  forms,  for  the  sea  floor  off  the  Ninety  Mile  Beach  was  smoothed  over 
by  wave  action  during  the  succeeding  marine  transgression,  when  sand  was  collected 
and  carried  shoreward  to  build  and  nourish  the  outer  barrier,  but,  off  Flinders  Is., 
Jennings  (1959a)  has  identified  submarine  ridges  of  uncertain  origin  which  could 
be  relics  of  submerged  barrier  or  dune  formations  that  have  survived  destruction 
by  the  rising  sea.  The  formation  of  barriers  off  the  present  shoreline  during  a  low 
sea  level  phase,  and  their  subsequent  destruction  by  the  waves  of  a  transgressing 
sea  to  provide  sand  for  the  building  of  newer  barriers,  has  also  been  postulated  by 
Hails  ( 1964)  to  explain  certain  features  of  beaches  and  barriers  on  the  New  South 
Wales  coast.  The  concept  of  landward  sweeping  of  sea  floor  sediments  during  the 
post-glacial  marine  transgression  helps  to  explain  many  aspects  of  Australian 
coastal  beach  and  barrier  formations. 

Conclusions 

The  revised  chronology  now  presented  turns  on  the  recognition  that  certain 
features  of  rearrangement  and  dissection  of  the  prior  and  inner  barriers  in  the 
Gippsland  Lakes  region  originated  when  the  sea  stood  at  a  lower  level,  preceding 
the  post-glacial  marine  trangression.  This  was  evidently  the  Last  Glacial  phase 
when  sea  level  is  believed  to  have  fallen  at  least  300  ft  (Shepard  1961).  The 
original  formation  of  the  prior  and  inner  barriers  is  therefore  placed  back  in  a  late 
Pleistocene  interglacial  (or  interstadial)  phase  when  the  sea  stood  at  or  slightly 
above  its  present  level,  and  the  addition  of  the  outer  barrier  took  place  in  Recent 
times,  during  and  after  the  post-glacial  marine  transgression.  Certain  features  of  the 
barriers  suggest  the  influence  of  Quaternary  tectonic  deformation  of  this  section  of 
coast:  the  evidence  of  transverse  tilting  since  the  original  formation  of  the  inner 
barrier,  and  the  possibility  of  uplift  as  a  means  of  initiation  of  a  section  of  the 
outer  barrier  as  a  distinct  feature  offshore  in  the  vicinity  of  Letts  Beach. 

In  terms  of  this  chronology,  it  is  suggested  that  barriers  which  have  been  built 
of  quartzose  sand  on  the  coasts  of  SE.  Australia  are  likely  to  be  of  Pleistocene 
origin  where  they  show  deep  podzolic  profiles  with  true  coffee  rock  at  depth  and 
a  heath  or  heath  woodland  vegetation,  but  of  Recent  origin  where  they  show 
evidence  of  incipient  podzolization  without  true  coffee  rock  and  a  vegetation  of 
grasses,  scrub  or  dune  woodland  without  heath  communities.  This  is  essentially  the 
distinction  made  by  Jennings  (1959b)  in  recognizing  Old  Dunes  of  late  Pleistocene 
age  and  New  Dunes  of  Recent  age  on  the  coasts  of  King  Is.  The  distinction  is  less 
clear  where  the  parent  sand  material  is  strongly  calcareous,  as  on  the  W.  coast  of 
King  Is.,  the  W.  side  of  Wilson’s  Promontory,  and  much  of  Australia’s  S.  and  W. 
coast,  where  a  higher  base  status  reduces  the  rate  of  podzol  formation  and 
succession  to  heath  vegetation  on  dunes  and  beach  ridges  lithified  as  calcarenites. 
On  the  other  hand,  if  the  quartzose  sands  are  extremely  poor  in  original  shell 
content,  as  on  parts  of  the  coast  of  Wilson’s  Promontory,  dunes  and  beach  ridges 
of  Recent  origin  may  show  the  advanced  podzolic  profiles  and  associated  heath 
communities  that  are  elsewhere  typical  of  older  coastal  sand  deposits. 
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HINGE  TRANSPOSITION  IN  EUCRASSATELLA  (PELECYPODA: 

CRASS  ATELLIDAE  ) 

By  Thomas  A.  Darragh 

National  Museum  of  Victoria 

Abstract 

Hinge  transposition  has  been  observed  in  Eucrassatella  deltoides  Darragh  1965  and 
E.  oblonga  (Tenison  Woods  1876).  The  cardinal  and  anterior  lateral  teeth  are  transposed  but 
the  posterior  lateral  tooth  is  in  its  normal  position. 

Introduction 

Of  540  valves  of  Eucrassatella  from  the  Tertiary  of  South-eastern  Australia 
two  were  found  with  abnormal  hinges.  Closer  examination  showed  that  the 
abnormality  was  due  to  hinge  transposition.  ‘A  transposed  lamellibranch  hinge  is 
defined  as  one  that  exhibits  in  the  right  valve  the  hinge  elements  normally  occurring 
in  the  left  valve,  and  vice-versa’  (Popenoe  and  Findlay  1933,  p.  301).  This  term  is 
what  other  authors  have  called  hinge  inversion.  Popenoe  and  Findlay  have  discussed 
in  detail  the  concept  of  hinge  transposition,  have  listed  the  various  types  known 
to  occur,  and  have  summarized  previous  literature. 

Weaver  (1963,  p.  294)  has  given  the  first  record  of  hinge  transposition  in  the 
Crassatellidae. 

The  notation  of  the  hinge  is  based  on  Lamy  (1917)  and  Davies  (1925). 
Davies  (1925,  p.  156)  used  the  tooth  symbols  of  the  normal  right  valve  (the  odd 
numbers)  for  the  transposed  hinge  of  the  left  valve,  and  vice-versa. 

All  specimens  are  from  the  collections  of  the  National  Museum  of  Victoria  and 
bear  the  museum’s  registered  numbers. 

Description 

The  type  of  hinge  transposition  recorded  is  that  of  group  ( 1 )  of  Popenoe  and 
Findlay  (1933,  p.  306)  where  the  cardinal  and  anterior  lateral  teeth  are  transposed 
and  the  posterior  laterals  are  not  transposed. 

The  normal  dentition  in  the  right  valve  of  Eucrassatella  consists  of  a  poorly 
developed  anterior  cardinal  3a,  a  large  triangular  centrally  placed  cardinal  3b, 
and  a  very  weak  posterior  cardinal  5b.  There  are  no  anterior  laterals  but  a  long 
posterior  lateral  LPI  is  present  (PI.  7,  fig.  1,  2). 

In  the  left  valve  there  is  a  prominent  anteriorly  placed  cardinal  2  and  a  weak 
posterior  cardinal  4b.  An  anterior  lateral  tooth  LA  II  is  present  but  no  posterior 
laterals.  The  tooth  formula  may  be  written  as  follows: 

Right  Valve  3a  3b  5b  LPI 

Left  Valve  LAH  2  4b~“ 

The  abnormal  valves  belong  to  two  species  of  Eucrassatella ,  E.  deltoides 
Darragh  1965  and  E.  oblonga  (Tenison  Woods  1876).  The  former  is  represented 
by  a  pair  of  valves  (P.23068-9)  from  the  lime  quarry  at  the  foot  of  the  Dutchman, 
Flinders  Is.,  Tasmania.  The  age  of  the  deposit  is  Middle  (?)  Pliocene.  (PL  7, 
fig-  3,  4.)  The  posterior  lateral  tooth  is  in  its  normal  position  but  the  position  of 
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the  anterior  lateral  and  the  cardinals  is  the  mirror  image  of  that  in  the  normal 
valve. 

E.  oblonga  (Tenison  Woods)  is  represented  by  a  single  left  valve  (P.23070) 
from  the  lower  bed  at  Table  Cape  (Fossil  Blufl  near  Wynyard,  Tasmania).  (PI.  7, 
fig.  5.)  The  cardinals  present  are  those  normally  found  in  the  right  valve.  In  this 
specimen,  the  socket  for  the  right  posterior  lateral  LPI  is  deformed,  suggesting  that 
the  lateral  may  have  been  deformed  also. 

The  tooth  formula  for  these  abnormal  valves  is  as  follows: 

Right  Valve  LAII _ 2  4b  LPI 

Left  Valve  3a  3a  5b 
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1  text-fig. 

Explanation  of  Plate 

Plate  7 

All  photographs  were  taken  by  the  author. 

Fig.  1-4 — Eucrassatella  deltoides  Darragh.  1,  P.23052,  paratype,  internal  normal  left  valve, 
topotype,  X  0-75.  2,  P.23051,  holotype,  internal  normal  right  valve,  E.  side  of 
Dutchman,  Flinders  Is.,  Tas.,  X  0-75.  3,  P.23069,  hypotype,  internal  left  valve  with 
transposed  hinge,  E.  side  of  Dutchman,  Flinders  Is.,  las.,  X  O' 74,  4,  P.23068, 
hypotype,  internal  right  valve  with  transposed  hinge,  X  0-77. 

Fig.  5-7 — Eucrassatella  oblonga  (Tenison  Woods).  5,  P.23070,  hypotype,  internal  left  valve 
with  transposed  hinge,  topotype,  X  0-75.  6,  P.23033,  hypotype,  internal  normal 
left  valve,  topotype,  X  0-77.  7,  B  42  Z  174  holotync  (Tasmanian  Museum),  internal 
normal  right  valve,  lower  bed  Fossil  Bluff  near  Wynyard,  Tas.,  X  0*71, 
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NEW  RECORD  OF  A  FOSSIL  PENGUIN  IN  AUSTRALIA 

By  George  Gaylord  Simpson 

Harvard  University,  U.S.A. 

Although  not  adequately  identifiable,  the  specimen  here  discussed  supplies  a 
new  locality  record  for  fossil  penguins  in  Australia  and  a  new  age  record  for  fossil 
penguins  in  general.  It  was  collected  by  Mr  C.  McCrae  in  1965  and  presented  by 
him  to  the  National  Museum  of  Victoria.  Mr  Edmund  D.  Gill,  Assistant  Director 
of  that  museum,  kindly  sent  it  to  me  for  study.  Fig.  1  was  drawn  by  Arnold 
Clapman,  supported  by  National  Science  Foundation  (U.S.A.)  Grant  No.  GB-500. 

Spheniscidae 
Gen.  et  sp.  indet. 

Specimen:  Nat.  Mus.  Viet.  Reg.  No.  P.24065.  Incomplete  left  coracoid. 

Locality:  Beaumaris,  Victoria. 

Horizon:  Sandringham  Sands,  type  Cheltenhamian  of  Singleton  (1941),  late 
Miocene  according  to  Gill  (1957).  Although  marine,  these  beds  have  also  yielded 
a  few  scraps  of  land  mammals  (diprotodontids,  see  Stirton  1957). 

The  most  readily  identifiable  penguin  bones,  as  usually  preserved  in  fossils,  are 
the  humerus  and  the  tarsometatarsus.  Most  of  the  types  of  fossil  species  consist  of 
one  or  the  other  of  those  bones,  without  others  associated.  Several  specimens  with 
associated  parts,  including  coracoids,  are  known  from  New  Zealand  and  there  is 
one  from  Argentina  but,  in  most  instances,  the  reference  of  coracoids  to  species  or 
genera  is  dubious.  In  New  Zealand,  coracoids  have  been  referred  to  the  extinct 
genera,  Palaeeudyptes ,  Pachydyptes,  Platydyptes,  and  Archaeospheniscus  by 
Marples  (1952).  Fossils  from  Seymour  Is.,  S.  of  South  America,  but  not,  as  often 
stated,  Antarctic,  include  coracoids  referred  to  Eosphaeniscus,  Anthropornis,  and 
perhaps'  Notodyptes  (Wiman  1905,  Marples  1953).  Fossil  coracoids  from  Argen¬ 
tine  Patagonia  are  currently  classified  in  Paraptenodytes,  Palaeospheniscus,  Paras - 
pheniscus ,  and  Arthrodytes  (Moreno  &  Mercerat  1891,  Ameghino  1905,  Simpson 
1946).  Aside  from  the  problem  of  dubious  association  or  identification,  most  of 
the  specimens  of  coracoids  are  fragmentary,  and  there  are  at  least  six  extinct  genera 
in  which  even  fragments  of  coracoids  have  not  been  found  or  described. 

The  present  specimen,  lacking  both  ends  and  the  medial  crests  or  processes,  has 
few  really  distinctive  taxonomic  characters.  It  does  not  agree  exactly  with  any 
previously  described  fossil  or  with  any  recent  species,  and  the  difference  is  about  as 
great  as  between  some  genera.  The  size  is  smaller  than  in  known  New  Zealand 
and  Seymour  Is.  fossil  coracoids,  and  close  to  living  Pygoscelis  adeliae  or  a  rather 
large  fossil  Palaeospheniscus  from  Patagonia.  No  standard  measurement  can  be 
taken  on  the  broken  bone,  but  Fig.  1  is  to  scale. 

The  most  distinctive  morphological  feature  is  that  the  supracoracoid  foramen 
is  either  larger  than  in  any  other  known  instance,  fossil  or  recent,  or  is  absent  as 
such,  that  is,  is  not  bridged  over  by  the  supracoracoid.  The  latter  condition,  which 
is  the  more  probable  interpretation  of  the  fossil,  occurs  in  recent  Pygoscelis , 
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Fig.  1 — Spheniscidae,  gen.  et  sp.  indet.  Nat.  Mus. 

Viet.  Reg.  No.  P.24065,  incomplete  left  coracoid. 

A,  dorsal  view;  dashed  lines  indicate  ends  of 
broken  margins.  B,  lateral  view.  X  1. 

Eudyptula,  and  with  some  variability  Aptenodytes.  It  is  not  surely  known  in  any 
fossil,  and  it  has  been  supposed  (e.g.  Marples  1952)  that  the  supracoracoid  bridging 
of  the  foramen  was  probably  complete  in  known  extinct  penguins.  However,  in 
all  but  two  instances,  that  is  based  on  specimens  in  which  the  bridge,  if  any,  is 
broken  away  so  that  its  presence  is  not  factually  established.  In  any  case,  the 
medial  margin  in  this  region  of  the  present  specimen  is  quite  different  from  that 
of  any  other  known  fossil  penguin  coracoid.  As  far  as  preserved,  it  is  essentially 
similar  to  recent  Pygoscelis  and  Eudyptula .  In  fact,  pertinence  to  one  or  the  other 
of  those  genera,  although  improbable,  cannot  be  wholly  excluded.  The  presence 
of  a  recent  genus  of  birds  in  the  late  Miocene  would  not  be  too  unusual.  All  other 
known  fossil  penguins  clearly  belong  to  extinct  genera,  but  the  youngest  of  them 
are  older  than  the  present  specimen.  No  fossil  penguin  of  just  this  age  has 
previously  been  reported. 

The  known  fossil  penguins  from  Australia  are  now  as  follows: 

Late  Miocene,  Cheltenhamian:  Sandringham  sands.  Beaumaris,  Victoria.  Gen.  et 
sp.  indet.  This  paper. 

Miocene,  Balcombian:  Glenelg  group.  Glenelg  R.,  N.  of  Dartmoor,  W.  Victoria. 

Anthropodytes  gilli.  Gill  1959,  Simpson  1959. 

Oligocene:  Gambier  limestone.  Near  Mt  Gambier,  South  Australia.  Two  markedly 
different,  indeterminate  species  (relative  levels  within  the  Gambier  limestone 
unknown).  Glaessner  1955,  Simpson  1957. 

Late  Eocene:  Banded  Marl  member  of  Blanche  Point  marls.  Port  Noarlunga,  S.  of 
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Adelaide,  South  Australia.  Palaeeudyptes  cf.  antarcticus.  Glaessner  1955, 
Simpson  1957. 

Late  Eocene:  Transitional  Marl  member  of  Blanche  Point  marls  (stratigraphically 
lower  than  Banded  Marl  member).  Christie’s  Beach,  S.  of  Adelaide,  South 
Australia.  Palaeeudyptes  cf.  antarcticus .  Finlayson  1938,  Glaessner  1955, 
Simpson  1957. 
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LOWER  DEVONIAN  CONODONTS  FROM  THE  TYERS  AREA, 
GIPPSLAND,  VICTORIA 

By  G.  M.  Philip 

Geology  Department,  University  of  New  England 

Abstract 

Thirty-four  disjunct  conodont  species  extracted  from  the  Coopers  Creek  Formation, 
Tyers  district,  Gippsland,  are  described  and  figured.  New  taxa  proposed  are  Belodus  resimus 
sp.  nov.,  Eognathodus  sulcatus  gen.  et  sp.  nov.,  Eognathodus  secus  gen.  et  sp.  nov.,  Paltodus 
valgus  sp.  nov.  The  known  ranges  of  species  common,  to  the  Tyers  fauna  and  Europe  indicate 
an  Upper  Gedinnian  or  Siegenian  age  for  the  Coopers  Creek  Formation. 

Introduction 

Apart  from  Crespin’s  (1943)  initial  description  of  a  small  Ordovician  fauna 
from  Central  Australia,  no  systematic  studies  of  Australian  conodont  faunas  have 
yet  been  published,  although  their  occurrence  has  been  reported  from  strata  ranging 
in  age  from  Cambrian  to  Permian  (Cambrian — Jones  1961;  Ordovician — Guppy 
and  Opik  1950;  Opik  1954,  1958;  Glenister  and  Glenister  1957b;  Silurian — 
Glenister  and  Glenister  1957a;  Devonian — Glenister  and  Crespin  1959;  Carboni¬ 
ferous — Glenister  1962;  Permian — Glenister  and  Furnish  1961).  Research  on  the 
distribution  of  conodonts  in  Europe  and  N.  America,  particularly  over  the  last 
decade,  has  indicated  their  outstanding  value  in  biostratigraphical  studies.  Current 
work  on  this  group  of  tooth-like  microfossils  in  the  University  of  New  England  has 
revealed  their  widespread  occurrence  in  eastern  Australia,  and  their  importance  in 
stratigraphical  correlations. 

The  present  study  deals  with  the  description  and  stratigraphical  significance  of 
conodonts  from  the  Lower  Devonian  limestone  outcropping  along  the  Tyers  R., 
Gippsland.  Occurring  with  the  conodonts  are  undoubted  vertebrate  remains.  As 
these  represent  the  oldest  known  vertebrates  recorded  from  the  Australian  con¬ 
tinent  they  are  described  in  a  separate  section  of  this  paper. 

A  University  of  New  England  Research  Grant  (No.  120)  which  covered  both 
field  and  laboratory  expenses  is  most  gratefully  acknowledged.  I  am  greatly 
indebted  to  Dr  O.  H.  Walliser,  Philipps-Universitat,  Marburg  (Lahn),  whose 
comments  on  a  draft  of  the  manuscript  led  to  a  revision  of  a  number  of  earlier 
identifications.  Professor  F.  H.  T.  Rhodes,  of  the  University  College  of  Swansea,  also 
provided  me  with  much  useful  information  relating  to  work  on  conodonts,  and 
translations  of  some  of  the  German  conodont  literature. 

Method  of  Study 

The  conodonts  described  in  this  study  were  extracted  from  limestone  collected 
from  the  old  Tyers  Limestone  Quarry,  on  the  E.  bank  of  the  lower  Tyers  R., 
Gippsland.  This  is  given  as  fossil  locality  No.  11  by  Philip  (1962,  Fig.  1).  The 
different  lithologies  exposed  in  the  quarry  were  sampled.  These  ranged  from 
mid-grey  bioclastic  calcarenites  to  very  dark  grey  calcilutites.  A  total  sample  of 
some  20  kg  was  collected  and  processed. 

The  limestone  was  digested  in  a  10  to  15%  solution  of  commercial  acetic 
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acid.  The  insoluble  residue  was  washed  and  screened  under  water.  Conodonts  were 
contained  in  the  material  which  passed  through  a  22  mesh-per-inch  screen  but 
which  was  retained  on  a  120  mesh-per-inch  screen.  This  residue  was  dried  and 
placed  in  tetrabromethane  (diluted  with  alcohol  to  a  specific  gravity  of  215). 
The  portion  of  the  sample  which  sank  in  this  heavy  liquid  was  washed  in  alcohol 
and  dried,  and  the  conodonts  removed  under  a  binocular  microscope  with  the  aid 
of  a  fine  sable  brush.  Specimens  were  then  mounted  on  microslides  with  gum 
tragacanth  to  which  chlorocresol  had  been  added  to  prevent  fungal  growth. 

In  all,  some  600  identifiable  conodonts  were  recovered  from  the  20  kg  of 
limestone  processed.  The  average  abundance  of  30  per  kg  is  similar  to  the 
abundances  given  by  Collinson  (1963)  for  N.  American  Devonian  and  Carboni¬ 
ferous  limestones,  and  compares  very  favourably  with  many  other  Australian 
Devonian  limestones  which  have  been  processed.  Certain  Ordovician  limestones 
from  Central  Australia,  however,  have  yielded  an  estimated  30,000  conodonts 
per  kg.  This  prolific  occurrence  is  probably  the  greatest  abundance  of  conodonts 
yet  reported  from  a  limestone.  Second  to  it  is  the  record  of  Bischoff  and  Ziegler 
(1957)  who  found  a  concentration  of  over  23,000  specimens  per  kg  in  a  limestone 
in  the  lower  Cheiloceras  Stufe  of  Germany. 

The  illustrations  were  obtained  by  using  a  ‘Leica’  camera  adapted  to  give  a 
negative  diameter  of  X  10  with  a  40  mm  lens.  Text-figures  were  prepared  from 
specimens  with  the  aid  of  a  binocular  microscope  with  a  graticuled  eyepiece  and 
also  from  photographs.  All  photographed  specimens  are  registered  in  the  Palaeon¬ 
tological  Collection  of  the  University  of  New  England,  Armidale,  N.S.W. 

Composition  of  Fauna 

Listed  below  are  the  34  disjunct  conodont  species  present  in  the  fauna.  The 
number  of  identifiable  specimens  of  each  form  recovered  from  the  residue  is  also 
given. 


Belodus  resimus  sp.  nov. . 

.  55 

B.  cf.  triangularis  Stauffer 

.12 

Eognathodus  sulcatus  gen.  et  sp.  nov . 

.  87 

E.  secus  gen.  et  sp.  nov . 

2 

E.  sp . 

3 

Hindeodella  equidentata  Rhodes . 

5 

H.  priscilla  Stauffer . 

.  21 

Icriodus  bilatericrescens  Ziegler . 

1 

Lonchodina  greilingi  Walliser  . 

4 

L.  walliseri  Ziegler 

2 

Neoprioniodus  bicurvatus  (Branson  &  Mehl) 

17 

N.  excavatus  (Branson  &  Mehl) 

6 

N.  (?)  sp .  . 

1 

Ozarkodina  denckmanni  Ziegler 

.  42 

0.  media  Walliser 

.14 

O.  sp.  A  .  » .  . .  . . * 

6 

O.  (?)  sp.  B . 

2 

Paltodus  acostatus  Branson  &  Branson 

63 

P.  cf.  recurvatus  Rhodes  . 

4 

P.  unicostatus  Branson  &  Mehl 

.17 

P.  valgus  sp.  nov . . 

.  28 

P.  sp.  A . 

6 
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P.  sp.  B .  1 

Plectospathodus  alter natus  Walliser .  3 

P.  extensus  Rhodes .  8 

P-  sp .  6 

Spathognathodus  inclinatus  wurmi  Bischoff  &  Sannemann  14 

S.  steinhornensis  steinhornensis  Ziegler . 134 

Trichonodella  inconstans  Walliser . 33 

T.  symmetrica  (Branson  &  Mehl) .  7 

T.  sp.  nov .  1 

Gen.  et  sp.  indet.  A . 14 

Gen.  et  sp.  indet.  B .  1 

Gen.  et  sp.  indet.  C .  2 


Stratigraphic  Significance  of  Fauna 

I  have  previously  concluded  that  the  age  of  the  shelly  fossil  fauna  at  the  top 
of  the  Boola  Beds  is  Lower  Gedinnian  (Philip  1962,  p.  244-6).  This  unit  underlies 
the  Coopers  Creek  Formation  which,  on  the  western  limb  of  the  Tyers  anticline, 
consists  of  a  basal  conglomeratic  phase  which  grades  up  into  limestone  from  which 
the  conodont  fauna  here  described  was  recovered.  The  Coopers  Creek  Formation, 
in  turn,  is  overlain  by  a  sparsely  fossiliferous  greywacke  sequence  (the  Walhalla 
Beds)  from  which,  in  this  area,  only  plant  remains  have  been  recovered. 

The  Lower  Gedinnian  age  assigned  to  the  Boola  Beds  was  deduced  from  the 
known  ranges  of  brachiopod  genera  present  in  the  fauna  (Boucot  1960,  Table  1). 
At  an  earlier  stage  an  Upper  Ludlovian  age  had  been  ascribed  to  these  and  similar 
faunas  (Philip  1960)  but,  following  Boucot’s  restudy  of  the  Gedinnian  brachiopods 
of  Belgium,  it  was  necessary  to  revise  this  opinion. 

Although  detailed  mapping  suggests  disconformity  or  slight  angular  uncon¬ 
formity  between  the  Boola  Beds  and  the  Coopers  Creek  Formation  (Philip  1962, 
p.  125,  fig.  1),  previously  I  have  considered  that  no  marked  diastem  exists  between 
the  units  (Philip  1960,  p.  148).  This  conclusion  was  based  in  part  on  the  similarity 
between  the  faunas  of  the  Boola  Beds  and  those  of  other  limestones  of  the 
Walhalla  Synclinorium.  However,  additional  consideration  of  the  problems  presented 
by  the  area  indicates  the  likelihood  of  a  disconformity,  probably  of  regional 
significance,  at  the  base  of  the  Coopers  Creek  Formation. 

It  therefore  becomes  critical  to  an  understanding  of  the  sequence  of  Australian 
Devonian  faunas  to  establish  unequivocably  the  Lower  Devonian  age  of  the 
Coopers  Creek  Formation  in  the  Tyers  area.  The  conodont  fauna  provides  such 
evidence. 

Knowledge  of  the  sequence  of  late  Silurian  and  Lower  Devonian  conodont 
faunas  in  Europe  and  N.  America  derives  principally  from  the  studies  of  Bischoff 
and  Sannemann  (1958),  Jentzsch  (1962),  Rhodes  (1953),  Walliser  (1957,  1960, 
1962,  1964),  and  Ziegler  (1956,  1960,  1962).  Available  information  has  been 
summarized  by  Walliser  (1962,  1964)  who  has  proposed  a  zonal  scheme  of  faunas 
which,  for  the  upper  part  of  the  Lower  Devonian,  is  based  on  otherwise  unpublished 
information. 

According  to  the  ranges  given  by  Walliser,  seven  of  the  species  present  in  the 
Tyers  fauna  appear  in  the  Silurian  and  range  through  to  the  top  of  the  Lower 
Emsian.  These  are  Iiindeodella  equidentata  Rhodes,  Lonchodina  greilingi  Walliser, 
Neoprioniodus  excavatus  (Branson  and  Mehl),  Ozarkodina  media  Walliser,  Plecto¬ 
spathodus  extensus  Rhodes,  Spathognathodus  inclinatus  (Rhodes),  and  Trichono¬ 
della  inconstans  Walliser.  Other  species  which  are  known  to  extend  well  into  the 
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Lower  Devonian  (probably  with  a  similar  range)  are  Neoprioniodus  bicurvatus 
(Branson  and  Mehl),  Lonchodina  walliseri  Ziegler,  Plectospathodus  alternatus 
Walliser,  and  Trichonodella  symmetrica  (Branson  and  Mehl).  Ozarkodina  denck- 
manni  Ziegler  also  sees  its  origin  in  the  late  Silurian  but  ranges  through  the  entire 
Lower  Devonian.  Within  the  Lower  Devonian,  an  age  younger  than  Lower  Gedin- 
nian  is  established  by  the  occurrence  of  Spathognathodus  steinhornensis  stein- 
hornensis  Ziegler  and  Icriodus  bilatericrescens  Ziegler,  whereas  the  absence  of 
polygnathids  indicates  an  age  older  than  Lower  Emsian. 

It  is  concluded,  therefore,  that  the  Coopers  Creek  Formation  is  either  Upper 
Gedinnian  or  Siegenian.  A  more  precise  correlation  anticipates  the  results  of 
current  work  on  other  Australian  Devonian  conodont  faunas.  However,  it  seems 
that  an  age  within  the  lower  part  of  this  interval  is  indicated  by  the  Tyers  fauna 
i.e.  Upper  Gedinnian  or  early  Siegenian. 

Systematics 

Genus  Belodus  Pander  1856 

Type  Species:  Belodus  gracilis  Pander  1856. 

Remarks:  Belodus  includes  essentially  fang-like  conodonts  often  with  a  greatly 
enlarged  basal  cavity.  The  lateral  faces  are  usually  costate  or  grooved  and  the 
posterior  edge  has  a  series  of  small  denticles. 

Belodontids  and  distacodontids  (such  as  Paltodus)  form  a  significant  element 
of  the  Tyers  conodont  fauna.  Many  authors  have  urged  that  the  occurrence  of 
such  forms  in  Devonian  faunas  is  indicative  of  stratigraphic  admixture  (e.g.  Rhodes 
&  Dineley  1957),  for  such  simple  conodonts  are  more  characteristic  of  Ordovician 
strata.  However,  over  the  last  10  years  there  have  been  a  number  of  new  records 
of  Upper  Silurian  and  Devonian  occurrences  of  such  forms.  In  the  Australian  Lower 
Devonian  they  are  a  widely  distributed  and  numerically  important  element  of  all 
conodont  faunas  so  far  studied.  As  these  faunas  have  been  recovered  from  geo 
graphically  widely  separated  localities  in  different  geological  settings,  these  simp! 
conodonts  are  interpreted  as  an  integral  part  of  Australian  Devonian  conodo  e 
faunas.  nt 

Ethington  (1959)  proposed  Belodella  (type  species,  Belodus  devon 
Stauffer)  for  Devonian  forms  with  deep  basal  cavities  previously  include-  ICUS 
Belodus.  However,  for  the  purposes  of  the  present  descriptions,  this  genus  hr>  d  in 
been  recognized.  &  ‘  s  not 

Belodus  resimus  sp.  nov. 

(Fig.  2  e-f;  PI.  8,  fig.  15-17,  19) 

Diagnosis:  A  species  of  Belodus  with  a  deep  basal  cavity  which  r 
triangular  in  cross  section.  Junctions  of  the  anterior  and  lateral  faces  -=>  narrowly 
costae;  numerous  small  denticles  along  the  posterior  edge.  ,  marked  by 

Type  Specimens:  Holotype  8798/15;  paratypes  8798/16,  18. 

Description:  The  unit  is  progressively  arched  posteriorly 
above  the  basal  portion  as  a  long  tapering  process.  The  basal  and  is  continued 
extends  almost  to  underneath  the  distal  process.  The  cross  cavity  is  deep  and 

cavity  is  narrowly  triangular  with  a  narrow  anterior  face.  ‘section  of  the  basal 

projected  laterally  as  flanges  which  distally  tend  to  be'  This  anterior  face  is 

prominent.  About  40  closely  spaced  fused  denticles  .oto,e  thicker  and  more 

posterior  edge.  Some  specimens  are  bowed  laterally.  “re  mounted  along  the 
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Remarks:  The  specimen  illustrated  by  Rhodes  &  Dineley  (1957,  PI.  37, 
fig.  3)  as  B.  cf.  B.  devonicus  Stauffer  in  lateral  view  closely  resembles  B.  resimus. 
These  authors  note  that  their  form  may  be  laterally  bowed,  which  suggests  further 
comparison  with  our  species.  However,  in  B.  devonicus  Stauffer  the  anterior  margin 
is  strongly  keeled. 


Belodus  triangularis  Stauffer 

Belodus  triangularis  Stauffer  1940,  p.  420,  PI.  59,  fig.  49. 

Belodus  triangularis  Stauffer,  Rhodes  &  Dineley  1957,  p.  358,  PI.  37,  fig.  1-2. 
non  Belodus  triangularis  Stauffer,  Bischoff  &  Sannemann  1958,  p.  94,  PI.  15,  fig.  8-9. 
nec  Belodus  triangularis  Stauffer,  Jentzsch  1962,  p.  964,  PI.  1,  fig.  2-3. 

Diagnosis:  A  species  of  Belodus  having  a  deep  basal  cavity  and  a  strongly 
triangular  cross  section.  Junctions  of  lateral  and  anterior  faces  marked  by  ridges; 
numerous  small  denticles  along  the  posterior  edge. 

Belodus  cf.  triangularis  Stauffer 
(Fig.  2  c-d;  PI.  8,  fig.  22,  26-28) 

Figured  Specimens:  8798/19-22. 

Remarks:  Stauffer’s  original  illustration  of  this  species  is  of  a  fragmentary 
specimen  in  which  the  shape  of  the  distal  termination  is  inferred.  In  the  Tyers 
specimens  this  termination  is  more  strongly  recurved  than  in  Stauffer’s  reconstruc¬ 
tion.  However,  specimens  in  which  the  distal  end  has  been  broken  (e.g.  PI.  8, 
fig.  22)  resemble  closely  Stauffer’s  actual  specimen,  and  in  other  respects  our 
material  agrees  closely  with  this  species. 

If  the  complete  specimen  illustrated  as  B.  triangularis  by  Rhodes  &  Dineley 
(1957,  PI.  37,  fig.  1)  is  indeed  this  species,  then  the  Tyers  form  is  not  conspecific 
with  B.  triangularis.  The  other  broken  specimen  illustrated  by  them  (op.  cit.  PI.  37, 
fig.  2)  appears  to  approach  more  closely  Stauffer’s  original  figure  and  the  Tyers 
form.  Bischoff  &  Sannemann  (1958)  and  Jentzsch  (1962)  have  figured  long 
tapering  forms  which  apparently  resemble  B.  resimus  described  above. 

Genus  Eognathodus  gen.  nov. 

Type  Species:  Eognathodus  sulcatus  sp.  nov. 

Diagnosis:  Platformed  conodonts  with  a  greatly  expanded  and  flaring  basal 
cavity  located  at  the  posterior  end  of  the  unit.  Anterior  blade  high  and  denticulate, 
merging  with  the  irregular  nodes  of  the  oral  surface  which  may  form  lateral 
longitudinal  rows,  or  be  irregularly  disposed.  Aboral  surface  of  unit  shallowly 
excavated. 

Remarks:  Eognathodus  strongly  resembles  Carboniferous  platformed  genera 
such  as  Gnathodus  and  Streptognathus  in  the  development  of  a  wide  posteriorly 
situated  basal  cavity  or  cup.  From  Gnathodus  it  differs  obviously  in  lacking  the 
continuation  of  the  blade  across  the  platform  as  a  carina,  and  so  it  more  closely 
resembles  the  Upper  Carboniferous  form  Streptognathus .  This  resemblance  is 
particularly  marked  in  the  type  species  Eognathodus  sulcatus  for,  in  this  species, 
the  nodes  are  arranged  in  two  lateral  rows  with  a  trough-like  depression  formed 
along  the  axis  of  the  platform.  In  Streptognathus ,  however,  the  platform  is  narrow 
and  the  basal  cavity  less  expanded;  moreover,  the  platform  is  ornamented  with 
transverse  ridges  rather  than  nodes. 

Bispathodus  Muller  (1962)  (based  on  Spathodus  spinulicostatus  Branson)  is 
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a  form  of  Spathognathodus  with  a  thickened  blade  in  which  the  denticles  are 
replaced  by  small  transverse  ridges.  In  other  features  it  is  identical  with  Spathog¬ 
nathodus  so  that  here  it  is  considered  as  a  synonym  of  this  latter  genus.  Other 
species  which  are  included  in  Spathognathodus  resemble  more  closely  Eognathodus 
in  that  a  definite  double  series  of  denticles  may  be  developed  along  the  oral  margin 
of  the  blade,  e.g.  Spathognathodus  bipennatus  Bischoff  &  Ziegler  (1957,  p.  1 15- 
116,  PI.  21,  fig.  31  a-c).  In  such  species  no  true  platform  is  developed  and  the 
basal  cavity  is  centrally  located.  The  resemblance  to  immature  specimens  of 
Eognathodus  sulcatus ,  however,  is  most  marked. 

Eognathodus  does  not  resemble  closely  the  Silurian  and  early  Devonian  plat- 
formed  genera  Kockelella  Walliser  and  Ancyrodelloides  Bischoff  &  Sannemann. 
Kockelella  is  more  similar  to  Gnathodus  in  possessing  a  posterior  carina,  whereas 
Ancyrodelloides  has  a  restricted  central  basal  cavity.  Together  with  these  genera, 
however,  Eognathodus  undoubtedly  represents  early  platformed  offshoots  from  the 
spathognathodid  stock  which  apparently  also  gave  rise  to  later  platformed  genera 
(cf.  Muller  1962a,  b). 

Eognathodus  is  widely  distributed  through  Australian  Lower  Devonian  strata 
but  does  not  appear  to  be  represented  elsewhere. 

Eognathodus  sulcatus  sp.  nov. 

(Fig.  1;  PI.  10,  fig.  17-18,  20-21,  24-25) 

Diagnosis:  A  species  of  Eognathodus  with  the  ornament  of  the  platform 
arranged  in  two  irregular  lateral  series  of  nodes  so  that  a  medial  trough  is  developed. 

Type  Specimens:  Holotype  8797/28;  paratypes  8797/29-32. 

Description:  The  unit  is  straight  or  slightly  bowed  outwards  in  plan  view 
with  the  platform  between  1-5  and  3  times  the  length  of  the  shaft.  The  regularly 
denticulate  blade  is  high  anteriorly  and  tapers  towards  the  platform.  It  usually 
merges  with  the  platform  well  to  the  anterior  of  the  flared  margins  of  the  basal 
cavity. 

The  platform  is  well  differentiated,  with  vertical  sides,  and  becomes  pro¬ 
gressively  wider  with  increase  in  size.  It  is  ornamented  with  closely  spaced  nodes 
which  are  arrayed  in  two  irregular  longitudinal  series  so  that  a  medial  groove  is 
present.  The  platform  tapers  to  a  rather  pointed  posterior  end,  is  usually  somewhat 
constricted  at  midlength,  and  anteriorly  is  expanded  to  one  side  so  that  here  it  is 
markedly  asymmetrical.  The  denticles  of  the  blade  tend  to  merge  with  the  longi¬ 
tudinal  series  of  platform  nodes  on  the  non-expanded  side. 

The  aboral  surface  is  excavate,  with  an  asymmetrical  basal  cavity  which  is 
continued  to  the  anterior  end  of  the  blade  as  a  tapering  groove  (Fig.  lb). 

Remarks:  This  species  and  Spathognathodus  steinhornensis  are  the  most  abund¬ 
ant  forms  in  the  material  recovered. 

Eognathodus  secus  sp.  nov. 

(PI.  10,  fig.  22-23) 

Diagnosis:  A  species  of  Eognathodus  with  the  platform  ornamented  with 
irregular  nodes. 

Type  Specimen:  8797/34. 

Remarks:  Two  specimens  in  the  collection  differ  from  E.  sulcatus  in  the 
following  characters: 
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Fig.  1 — Eognathodus  sulcatus  gen.  et  sp.  nov.  (a)  Oral,  (b)  Aboral,  (c)  Lateral  views, 

X  50. 


(1)  The  nodes  of  the  oral  surface  of  the  platform  are  irregular  both  in  size 
and  shape  so  that  no  medial  trough  is  developed. 

(2)  The  platform  is  relatively  broader  and  the  posterior  shaft  is  thicker.  The 
nodes  of  the  platform  continue  up  the  posterior  end  of  the  shaft. 

(3)  The  basal  cavity  is  shallower. 

It  is  possible  that  these  specimens  merely  represent  variants  of  E.  sulcatus 
and  that  a  gradation  may  be  found  with  that  form.  They  are,  however,  morpho¬ 
logically  so  distinctive  that  their  separation  as  a  different  species  seems  justified. 
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Eognathodus  sp. 

(PI.  10,  fig.  19) 

Figured  Specimen:  8797/33. 

Remarks:  In  the  available  material  three  fragmentary  specimens  possess 
narrow,  poorly  differentiated  platforms  and  widely  expanded  basal  cavities.  The 
ornament  of  the  platform  continues  up  the  oral  surface  of  the  thick  blade. 

These  forms  again  may  represent  variants  of  one  or  other  of  the  previously 
described  species. 

Genus  Hindeodella  Bassler  1925 
Type  Species:  Hindeodella  subtilis  Bassler  1925. 

Remarks:  Included  in  Hindeodella  are  laterally  compressed  bars  with  closely 
set  denticles  (commonly  with  a  group  of  smaller  denticles  alternating  with  larger 
ones)  and  a  short  deflected  anterior  bar.  The  cusp  is  generally  well  developed  and 
the  basal  cavity  small. 

Hindeodella  equidentata  Rhodes 
(PI.  8,  fig.  11) 

Hindeodella  equidentata  Rhodes  1953,  p.  303,  PI.  23,  fig.  248,  252-4;  Walliser  1957,  p.  34, 
PI.  2,  fig.  23;  Ziegler  1960,  p.  182-3,  PI.  15,  fig.  10;  Jentzsch  1962,  p.  965,  PI.  2,  fig.  10-11; 
Ethington  &  Furnish  1962,  p.  1267-8,  PI.  173,  fig.  2;  Walliser  1962,  p.  282,  fig.  1  (8); 
Walliser  1964,  p.  36,  PI.  8,  fig.  3,  PI.  32,  fig.  11. 

Hindeodella  affin.  equidentata  Rhodes,  Bischoff  &  Sannemann  1958,  p.  94,  PI.  15,  fig.  2. 
Hindeodella  cf.  H.  equidentata  Rhodes,  Walliser  1960,  p.  30,  PI.  8,  fig.  15. 

Diagnosis:  A  massive  species  of  Hindeodella  with  a  thick  deep  bar  and  discrete 
denticles  which  generally  lack  smaller  interposed  denticles.  Anterior  bar  short  and 
inwardly  bowed  at  an  angle  of  between  90°  and  120°  to  the  posterior  bar.  A  basal 
groove  extends  along  the  underside  of  the  bar  and  is  expanded  only  slightly  to 
give  the  small  basal  cavity. 

Figured  Specimen:  8797/3. 

Remarks:  The  Tyers  specimens  of  this  species  have  small  denticles  interposed 
between  the  larger  denticles  of  the  posterior  bar,  particularly  toward  the  cusp. 
This  is  also  true  of  the  specimen  illustrated  as  H.  affin.  equidentata  Rhodes  by 
Bischoff  &  Sannemann  (loc.  cit.).  The  feature  may  afford  a  basis  for  the  separation 
of  stratigraphically  older  and  younger  forms  of  the  species. 

Hindeodella  priscilla  Stauffer 
(PI.  8,  fig.  13-14,  24-25) 

Hindeodella  priscilla  Stauffer  1938,  p.  429,  PI.  50,  fig.  6;  Bischoff  &  Ziegler  1957,  p.  60,  PI.  7, 
fig.  1-5;  Bischoff  &  Sannemann  1958,  p.  94-5,  PI.  15,  fig.  1;  Jentzsch  1962,  p.  965,  PI.  2, 
fig.  3;  Walliser  1964,  p.  36,  PI.  9,  fig.  12,  PI.  32,  fig.  12-13. 

Hindeodella  lambtonensis  Stauffer  1938,  p.  428,  PI.  50,  fig.  2,  5,  8,  13,  14,  17,  20,  25,  28,  31. 
Hindeodella  milleri  Stauffer  1938,  p.  428,  PI.  50,  fig.  3-4,  9-11. 

Hindeodella  moweri  Stauffer  1940,  p.  424,  PI.  58,  fig.  2,  10-11. 

Hindeodella  n.sp.  Walliser,  Ziegler  I960,  p.  183,  PI.  15,  fig.  3-4. 

Hindeodella  n.sp.  Walliser  1960,  p.  30,  PI.  8,  fig.  6. 

Diagnosis:  A  thin,  moderately  large  species  of  Hindeodella  with  a  long  straight 
posterior  bar,  and  a  short,  deflected  anterior  bar  (which  may  be  somewhat  down¬ 
wardly  flexed),  with  usually  discrete  denticles.  Posterior  denticles  hindeodellid, 
becoming  larger  posteriorly.  Cusp  round  in  cross  section,  inclined  posteriorly  and 
slightly  bent;  basal  cavity  small. 

Figured  Specimens:  8797/4-5,  9,  11. 
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Genus  Icriodus  Branson  &  Mehl  1938 
Type  Species:  Icriodus  expansus  Branson  &  Mehl  1938. 

Remarks:  Icriodus  is  a  platformed  conodont  in  which  the  whole  of  the  aboral 
surface  is  deeply  excavated.  No  true  blade  is  developed,  and  the  oral  surface  is 
ornamented  with  a  regular  series  of  nodes.  Lateral  processes  which  expand  the 
basal  cavity  may  originate  from  the  posterior  end  and  these  may  bear  series  of 
nodes  similar  to  those  of  the  platform. 

Muller  (1962a)  has  proposed  the  genus  Latericriodus  to  include  those  species 
of  Icriodus  which  possess  lateral  processes.  Such  a  division  of  Icriodus  does  not 
seem  to  be  warranted  at  present  and  so  this  genus  has  not  been  used.  In  Europe 
and  N.  America,  Icriodus  is  widely  distributed  through  Devonian  strata.  It  is 
apparently  very  much  rarer  in  eastern  Australia  as  only  a  few  specimens  have  been 
observed  in  various  conodont  faunas  which  have  been  studied. 

Icriodus  bilatericrescens  Ziegler 
(PI.  9,  fig.  30-32) 

Icriodus  latericrescens  bilatericrescens  Ziegler  1956,  p.  101,  PI.  6,  fig.  6-13;  Bischoff  &  Sanne- 
mann  1958,  p.  96,  PI.  12,  fig.  5;  Jentzsch  1962,  p.  966,  PI.  1,  fig.  12a-b,  14,  24. 

Icriodus  latericrescens  latericrescens  Branson  &  Mehl,  Ziegler  1956,  p.  100-101,  PI.  6,  fig.  14-17; 

Bischoff  &  Sannemann  1958,  p.  95,  PI.  12,  fig.  8;  Jentzsch  1962,  p.  967,  PI.  1,  fig.  16. 
Icriodus  latericrescens  cf.  latericrescens  Branson  &  Mehl,  Bischoff  &  Sannemann  1958, 
p.  95-96,  PI.  12,  fig.  10-11. 

Latericriodus  bilatericrescens  (Ziegler)  Muller  1962a,  p.  115. 

Icriodus  latericrescens  cf.  bilatericrescens  Ziegler,  Jentzsch  1962,  p.  966,  PI.  1,  fig.  lOa-b,  13,  15. 
Icriodus  woschmidti  Ziegler,  Jentzsch  1962,  p.  967,  PI.  1,  fig.  17-23. 

Icriodus  latericrescens  Ziegler  (non  Branson  &  Mehl),  Walliser  1962,  p.  282,  fig.  35  (1). 
non  Icriodus  latericrescens  Branson  &  Mehl  1938,  p.  164-165,  PI.  26,  fig.  30-37. 
nec  Icriodus  woschmidti  Ziegler  1960,  p.  185-186,  PI.  15,  fig.  16-18,  20-22. 

Diagnosis:  A  species  of  Icriodus  with  a  posteriorly  expanded  basal  cavity 
bearing  one  or  sometimes  two,  spur-like  series  of  nodes  arising  from  the  posterior 
denticle.  Ornament  of  platform  consists  of  nodes  arranged  in  transverse  ridges 
which  become  crowded  posteriorly. 

Figured  Specimen:  8797/25. 

Remarks:  Walliser  (1962)  and  Orr  (1964)  have  noted  that  the  Lower 
Devonian  form  identified  as  /.  latericrescens  Branson  &  Mehl  by  Ziegler  (1956) 
differs  from  the  Middle  and  Upper  Devonian  form.  In  the  Lower  Devonian  material 
the  nodes  of  the  platform  are  arranged  in  transverse  ridges  and  the  lateral  spur(s) 
is  much  less  strongly  ornamented.  For  the  present  both  are  regarded  as  separate 
species  and  the  name  /.  bilatericrescens  Ziegler  is  employed  for  the  Lower 
Devonian  form.  This  was  introduced  as  a  subspecies  of  /.  latericrescens  sensu 
Ziegler  for  forms  which  possess  two  lateral  spurs,  but  it  is  clear  that  both  forms 
are  gradational. 

Dr  O.  H.  Walliser  (in  litt.  March  1965)  has  re-examined  the  material  identified 
by  Jentzsch  (loc.  cit.)  as  I.  woschmidti  and  would  rather  include  the  form  in 
/.  latericrescens  sensu  Ziegler.  This  re-identification  of  the  Thuringian  specimens 
is  given  in  the  synonymy  above,  and  permits  confident  identification  of  the  single 
specimen  from  Tyers. 

Genus  Lonchodina  Bassler  1925 
Type  Species:  Lonchodina  typicalis  Bassler  1925. 

Remarks:  Lonchodina  includes  asymmetrical,  twisted,  and  usually  arched 
units.  The  denticles  are  generally  long,  cylindrical,  and  discrete.  Most  described 
species  have  a  large  basal  cavity. 
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Lonchodina  greilingi  Walliser 
(PI.  9,  fig.  22) 

Lonchodina  greilingi  Walliser  1957,  p.  38,  PI.  3,  fig.  20-26;  Walliser  1960,  p.  31,  PL  8, 
fig.  17-18;  Ziegler  1960,  p.  188,  PI.  14,  fig.  15-16,  18,  20;  Ethington  &  Furnish  1962,  p.  1274, 
PL  173,  fig.  10;  Walliser  1962,  p.  283,  fig.  1  (22);  Walliser  1964,  p.  44,  Pl.  8,  fig.  7, 
Pl.  30,  fig.  7-8. 

Diagnosis:  A  strongly  arched  species  of  Lonchodina ,  the  limbs  of  which  are 
somewhat  twisted  and  bear  rounded  discrete  denticles.  Cusp  somewhat  posteriorly 
inclined,  rounded  in  section,  with  base  projecting  inwards  from  the  limbs;  unit 
excavated  beneath  cusp  to  give  the  basal  cavity  which  extends  slightly  up  the 
inner  side  of  the  cusp. 

Figured  Specimen:  8797/16. 

Remarks:  This  form  differs  from  Trichonodella  inconstans  Walliser  prin¬ 
cipally  in  its  somewhat  twisted,  asymmetrical  nature.  The  Tyers  material  resembles 
most  closely  the  specimen  illustrated  by  Walliser  1964,  Pl.  30,  fig.  8. 


Lonchodina  waliiseri  Ziegler 
(Pl.  8,  fig.  35) 

Lonchodina  n.sp.b  Walliser  1957,  Pl.  3,  fig.  27-28. 

Lonchodina  waliiseri  Ziegler  1960,  p.  188,  PL  14,  fig.  1,  3,  7;  Walliser  1964,  p.  44-45,  PL  8 
fig.  17,  PL  30,  fig.  26-33. 

Diagnosis:  A  species  of  Lonchodina  with  the  posterior  limb  usually  of  length 
similar  to  the  posterior  limb.  Limbs  twisted,  with  slightly  compressed,  discrete 
denticles.  Underside  of  unit  flattened  with  the  anterior  limb  usually  tapering 
anteriorly;  posterior  limb  with  thickened  aboral  margins.  Basal  cavity  developed 
as  a  pit  beneath  the  cusp. 

Figured  Specimen:  8797/13. 

Remarks:  Although  only  a  few  fragmentary  specimens  of  this  form  were 
recovered,  little  doubt  can  be  entertained  as  to  its  identity. 


Genus  Neoprioniodus  Rhodes  &  Muller  1956 

Type  Species:  Prioniodus  conjunctus  Gunnell  1933. 

Remarks:  This  genus  was  proposed  for  forms  with  the  cusp  at  the  anterior 
end  of  a  denticulated  bar.  An  anticusp  or  a  very  short  anterior  bar  may  be  present 
and  this  may  bear  small  denticles. 

There  is,  however,  no  general  agreement  as  to  the  generic  assignment  of 
conodonts  with  these  characters.  European  workers  tend  to  regard  Neoprioniodus 
as  a  synonym  of  Prioniodina  Ulrich  &  Bassler,  whereas  N.  American  authors 
maintain  that  Neoprioniodus  is  separable.  Lindstrom  (1959),  on  the  other  hand, 
considers  that  Neoprioniodus  is  a  synonym  for  Cordylodus  Pander,  but  Lindstrom 
(1964)  later  accepted  the  validity  of  Neoprioniodus. 

For  present  purposes  the  genus  Neoprioniodus  is  employed  without  prejudice 
for  the  Silurian  and  younger  conodonts  which  conform  to  the  above  description. 

Walliser  (1964)  has  revised  the  earlier  identifications  of  the  common  Silurian 
and  Lower  Devonian  species  N.  excavatus  (Branson  &  Mehl)  and  N.  bicurvatus 
(Branson  &  Mehl)  and  his  interpretations  have  been  followed  here. 
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Neoprioniodus  bicurvatus  (Branson  &  Mehl) 

(PI.  9,  fig.  13,  18,  20) 

Prioniodus  bicurvatus  Branson  &  Mehl  1933,  p.  44,  PI.  3,  fig.  9-12. 

Prioniodina  tropa  (Stauffer)  Ziegler  1956,  p.  104,  PI.  16,  fig.  29,  PI.  7,  fig.  29. 

Prioniodina  bicurvata  pronoides  Walliser,  Ziegler  1960,  p.  33,  PI.  8,  fig.  8-10. 

Prioniodina  n.sp.  Ziegler  1960,  p.  193,  PI.  16,  fig.  23. 

Prioniodina  bicurvata  pronoides  Walliser  1960,  p.  33,  PI.  8;  Jentzsch  1962,  p.  971,  PI.  2,  fig.  13. 
Neoprioniodus  sp,  Ethington  &  Furnish  1962,  p.  1275,  PI.  173,  fig.  3. 

Neoprioniodus  bicurvatus  (Branson  &  Mehl)  Walliser  1964,  p.  46,  PI.  9,  fig.  13,  PI.  29, 
fig.  27-33;  Fig.  1. 

non  Synprioniodina  tropa  Stauffer  1940,  p.  434,  PI.  59,  fig.  60. 
nec  Prioniodina  bicurvata  (Branson  &  Mehl)  Walliser  1957,  p.  46,  PI.  2,  fig.  18-19. 
nec  Prioniodina  bicurvata  (Branson  &  Mehl)  Bischoff  &  Sannemann  1958,  p.  102,  PI.  15, 
fig.  6,  12. 

nec  Prioniodina  bicurvata  (Branson  &  Mehl)  Ethington  &  Furnish  1962,  p.  1283,  PI.  173, 
fig.  17. 

nec  Prioniodina  bicurvata  (Branson  &  Mehl)  Walliser  1962,  p.  283,  fig.  1  (17). 

Diagnosis:  A  species  of  Neoprioniodus  with  closely  spaced  denticles  which 
are  forwardly  directed  in  relation  to  the  base  of  the  posterior  bar.  Cusp  enlarged 
with  a  flattened  outer  surface;  aboral  surface  of  posterior  bar  usually  with  a 
longitudinal  groove  which  expands  to  give  a  well  defined  basal  cavity  beneath  the 
cusp;  anticusp  small  and  may  bear  several  tiny  denticles. 

Figured  Specimens:  8797/55-57. 

Remarks:  The  Tyers  material  agrees  closely  with  Walliser’s  (1964)  inter¬ 
pretation  of  this  species. 

Neoprioniodus  excavatus  (Branson  &  Mehl) 

(PI.  9,  fig.  16-17) 

Prioniodus  excavatus  Branson  &  Mehl  1933,  p.  45,  PI.  3,  fig.  7-8. 

Prioniodina  bicurvata  (Branson  &  Mehl)  Walliser  1957,  p.  46,  PI.  2,  fig.  18-19;  Bischoff  & 
Sannemann  1958,  p.  102,  PI.  15,  fig.  6,  12;  Ethington  &  Furnish  1962,  p.  1283,  PI.  173, 
fig.  17;  Walliser  1962,  p.  283,  fig.  1  (17). 

Neoprioniodus  excavatus  (Branson  &  Mehl)  Walliser  1964,  p.  49,  PI.  8,  fig.  4,  PI.  29,  fig.  26; 
Fig.  5c. 

non  Prioniodus  bicurvatus  Branson  &  Mehl  1933,  p.  44,  PI.  3,  fig.  9-12. 

Diagnosis:  A  species  of  Neoprioniodus  with  closely  spaced  denticles,  sometimes 
alternating  in  size,  directed  normally  to  the  posterior  limb.  Cusp  flattened  on  outer 
side,  with  sharp  anterior  margin  projected  as  an  anticusp  which  may  bear  small 
denticles.  Basal  cavity  usually  not  continued  as  groove  beneath  the  posterior  bar. 
Figured  Specimens:  8798/53-54. 

Neoprioniodus  (?)  sp. 

(PI.  9,  fig.  14) 

Figured  Specimen:  8798/7. 

Remarks:  In  this  form  the  posterior  limb  is  gently  arched  and  bears  regular, 
widely  spaced  denticles.  The  anterior  limb  is  short,  tapers  to  a  point  and  bears 
small  separate  denticles.  The  aboral  surface  is  marked  by  a  longitudinal  groove 
which  expands  under  the  cusp  to  give  the  basal  cavity. 

Neoprioniodus  latidentatus  Walliser  1964  (p.  50,  PI.  29,  fig.  34-35)  possesses 
similar  denticulation  of  the  posterior  limb,  but  lacks  the  well  defined  anticusp  (or 
anterior  limb)  with  well  spaced,  discrete  denticles.  This  latter  feature  also  prevents 
unequivocal  asignment  to  Neoprioniodus ,  and  suggests  that  the  form  may  be  better 
referred  to  Lonchodina. 
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Genus  Ozarkodina  Branson  &  Mehl  1933 
Type  Species:  Ozarkodina  typica  Branson  &  Mehl  1933. 

Remarks:  Ozarkodina  is  employed  for  flattened  bar-like  units  with  a  com¬ 
paratively  small  subapical  basal  cavity. 

Although  Hass  (1962)  includes  Ordovician  species  in  the  genus,  these  possess 
a  large  longitudinal  basal  excavation.  It  seems  preferable  to  follow  Sweet  et  al. 
(1959)  in  restricting  Ozarkodina  to  Silurian  and  younger  forms  in  which  the  basal 
cavity  is  considerably  smaller  and  located  beneath  the  cusp. 

The  Ordovician  forms  may  be  included  in  Prioniodina.  Ozarkodina  intergrades 
with  Bryantodus  but  typical  forms  of  the  latter  may  be  distinguished  by  their 
thicker  bars  which  have  lateral  flanges  along  the  base  of  the  denticles. 

Ozarkodina  denckmanni  Ziegler 
(PI.  9,  fig.  2,  4,  6-8) 

Ozarkodina  denckmanni  Ziegler  1956,  p.  103,  PI.  6,  fig.  30-31,  PI.  7,  fig.  1-2;  Bischoff  & 

Sannemann  1958,  p.  99,  PI.  14,  fig.  22-23;  Ziegler  1960,  p.  190,  PI.  15,  fig.  13-15;  Walliser 

1960,  p.  31,  PI.  8,  fig.  13-14;  Bartenstein  &  Bischoff  1962,  p.  46,  PI.  3,  fig.  16,  Table  3* 

Jentzsch  1962,  p.  970,  PI.  2,  fig.  6;  Walliser  1962,  fig.  1  (32). 

Ozarkodina  typica  denckmanni  Ziegler,  Walliser  1964,  p.  61,  PI.  9,  fig.  14;  PI.  26,  fig.  3-11. 

Diagnosis:  A  flattened  species  of  Ozarkodina  with  small  expanded  lips  each 
side  of  the  basal  cavity.  Cusp  and  denticles  with  strong  backward  inclination, 
distinctly  flattened  with  occasional  germ  denticles  interposed.  Anterior  limb  usually 
slightly  longer  than  posterior,  with  denticles  generally  increasing  in  size  to  the 
cusp;  denticles  of  the  posterior  limb  smaller,  more  numerous,  and  more  uniform 
in  height  but  also  becoming  smaller  distally. 

Figured  Specimens:  8797/12,  21-4. 

Remarks:  The  specimens  illustrated  have  been  chosen  to  show  the  variation 
present  in  the  material  at  hand.  PI.  9,  fig.  8  is  typical  of  the  species.  The  Tyers 
material  agrees  in  all  respects  with  previous  descriptions  of  O.  denckmanni . 
Walliser  (1964)  has  regarded  this  species  as  a  subspecies  of  O.  typica  Branson  & 
Mehl,  for  he  has  found  that  the  two  intergrade  in  the  late  Silurian. 

Ozarkodina  media  Walliser 
(PI.  9,  fig.  1,  3) 

Ozarkodina  sp.  Rhodes  1953,  PI.  23,  fig.  244. 

Ozarkodina  media  Walliser  1957,  p.  40,  PI.  1,  fig.  21-25;  Bischoff  &  Sannemann  1958,  p.  99 

PI.  14,  fig.  15-16,  18,  19,  21;  Ethington  &  Furnish  1962,  p.  1278,  PI.  173,  fig.  9;  Wailiser 

1962,  p.  283,  fig.  1  (18);  Walliser  1964,  p.  58,  PI.  8,  fig.  5,  PI.  26,  fig.  19-34. 

Diagnosis:  A  species  of  Ozarkodina  with  limbs  of  approximately  equal  length, 
usually  somewhat  arched  at  an  angle  greater  than  120°.  Anterior  limb  generally 
deeper  than  posterior  limb  and  carrying  somewhat  larger  denticles.  Enlarged  cusp 
and  denticles  laterally  flattened  and  basally  crowded.  Basal  cavity  wide  with  flaring 
lips  (which  may  be  somewhat  asymmetrical)  and  continued  beneath  each  limb 
as  a  groove. 

Figured  Specimens:  8797/1-2. 

Remarks:  Some  of  the  largest  specimens  possess  asymmetrical  basal  cavities 
which  suggested  comparison  with  Plectospathodus  robustus  Bischoff  &  Sannemann 
1958  (p.  101,  PI.  14,  fig.  11-14).  In  this  form,  however,  the  posterior  limb  is 
distinctly  longer. 
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Ozarkodina  sp.  A 

(PI.  9,  fig.  26-27) 

Figured  Specimens:  8797/19-20. 

Remarks:  This  is  a  massive,  slightly  arched  species  of  Ozarkodina  with 
projecting  lips  each  side  of  the  large  basal  cavity.  The  posterior  limb  is  lower  than 
the  anterior  limb  and  is  usually  slightly  longer.  The  denticles  of  the  anterior  limb 
increase  in  size  toward  the  cusp  and  tend  to  be  fused  immediately  in  front  of  the 

cusp;  those  of  the  posterior  limb  are  more  uniform  in  size. 

Among  previously  described  Silurian  and  Lower  Devonian  species  of  Ozar- 

kodina,  this  form  approaches  most  closely  O.  typica  Branson  &  Mehl  (Walliser 

1964,  p.  60,  PI.  25,  fig.  20-21;  PI.  26,  fig.  1-2).  It  differs  from  O.  typica  typica 
principally  in  the  larger,  discrete  denticles  of  the  posterior  limb  and  the  tendency 
for  those  of  the  anterior  limb  to  be  fused.  Like  O.  denckmanni ,  however,  it  could 
represent  a  form  derived  from  O.  typica . 

Ozarkodina  (?)  sp.  B 

(PI.  9,  fig.  5) 

Figured  Specimen:  8797/35. 

Remarks.  Two  specimens  (one  of  which  is  most  fragmentary)  apparently 
represent  an  undescribed  species  of  Ozarkodina.  The  unit  is  slightly  arched  and  has 
a  short  anterior  limb,  which  is  bowed  inward  and  bears  a  flattened  denticle.  The 


a  b  c  d  e  f 


Fig.  2 — Cross  sections  of  various  distacodontids  and  belodontids  approximately  at 
mid-height  unless  otherwise  stated,  (a)  Paltodus  sp.  A.  X  100.  (b)  Paltodus  valgus 
sp.  nov.  X  100.  (c-d)  Belodus  cf.  triangularis  Stauffer,  (c)  Section  at  mid-height, 
(d)  Section  toward  distal  end,  X  70.  (e-f)  Belodus  resimus  sp.  nov.  (e)  Section  at 
mid-height,  (f)  Section  toward  distal  end,  X  70.  (g)  Paltodus  unicostatus  Branson 
&  Mehl  X  150.  (h-i)  Paltodus  acostatus  Branson  &  Branson  X  150.  (j-k)  Paltodus 
cf.  recurvatus  Rhodes  X  150. 
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posterior  limb  is  only  slightly  longer  than  the  anterior  limb,  and  may  bear  up  to 
three  smaller  denticles.  The  cusp  is  large,  strongly  compressed  with  a  flattened 
outer  surface  and  is  recurved  inwards.  The  aboral  surface  is  deeply  excavated. 

This  form  closely  resembles  the  Upper  Silurian  species  O .  ortuformis  Walliser 
(1964,  p.  59,  Pi.  9,  fig.  18;  PI.  24,  fig.  7-13)  from  which  it  differs  in  its  shorter 
anterior  limb  which  has  but  one  denticle. 

Genus  Paltodus  Pander  1856 

Type  Species:  Paltodus  subaequalis  Pander  1856. 

Remarks:  Paltodus  accommodates  curved  fang-like  conodonts  with  rounded 
anterior  and  posterior  margins  and  asymmetrical  lateral  faces.  The  depth  of  the 
basal  cavity  is  variable. 

Ethington  (1959)  has  restricted  the  genus  Paltodus  to  Lower  Ordovician  species 
with  a  shallow  basal  cavity.  He  proposed  the  genus  Panderodus  for  forms  with  a 
deep  basal  cavity,  typified  by  P.  unicostatus  Branson  &  Mehl.  Such  forms  range 
from  the  Middle  Ordovician  into  the  Devonian.  Hass  (1959)  does  not  recognize 
this  division  of  the  genus.  Without  detailed  study  of  Ordovician  forms  it  is  difficult 
to  assess  the  value  of  such  a  separation.  For  the  present,  therefore,  Panderodus 
is  regarded  as  a  synonym  of  Paltodus . 

Paltodus  acostatus  Branson  &  Branson 

(Fig.  2  h-i;  PI.  8,  fig.  10,  23,  43) 

Paltodus  acostatus  Branson  &  Branson  1947,  p.  554,  PI.  8,  fig.  1-5,  23-24;  Rhodes  1953, 

p.  296-7,  fig.  111-112,  163-164,  212-213. 

Paltodus  cf.  P.  acostatus  Branson  &  Branson,  Walliser  1960,  p.  31,  PI.  7,  fig.  10. 

Diagnosis:  A  gently  recurved  species  of  Paltodus  with  a  deep  basal  cavity. 
Anterior  edge  gently  rounded  and  somewhat  flat;  posterior  edge  more  narrowly 
rounded  and  produced  as  a  keel  which  narrows  and  fades  distally.  Lateral  faces 
rounded. 

Figured  Specimens:  8798/1,  3,  5. 

Remarks:  Although  the  Tyers  specimens  are  very  large,  they  conform  closely 
with  previous  descriptions  of  this  species. 

Paltodus  recurvatus  Rhodes 
Paltodus  recurvatus  Rhodes  1953,  p.  297-298,  fig.  219-220. 

Diagnosis:  A  species  of  Paltodus  with  the  cusp  sharply  recurved  at  mid¬ 
height. 

Paltodus  cf.  recurvatus  Rhodes 
(Fig.  2  j-k;  PI.  8,  fig.  18,  21) 

Paltodus  cf.  recurvatus  Rhodes,  Walliser  1957,  p.  42,  PI.  2,  fig.  2-4;  Walliser  I960.,  p.  31-32, 

PI.  7,  fig.  8;  Fig.  9. 

Figured  Specimens:  8798/8-9. 

Remarks:  Rhodes  (loc.  cit.),  in  his  description  of  this  species,  states  that  the 
anterior  margin  is  rounded.  Walliser  has  compared  very  similarly  shaped  forms 
with  P .  recurvatus  but,  in  these,  the  anterior  surface  is  flattened  and  definite  angles 
are  developed  with  the  lateral  faces.  The  Tyers  specimens  are  identical  in  cross 
section  with  this  latter  form. 
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Paltodus  unicostatus  Branson  &  Mehl 
(Fig.  2g;  PI.  8,  fig.  9) 

Paltodus  unicostaUis  Brans°n  A  Mehl  1933  p.  42  PI.  3,  fig.  3;  Branson  &  Branson  1947, 

^957,  pP43!  Plfi82,6fig.  \  '  111101168  1953’  P'  2  8’  fig'  84'88,  155'156’  214-216;  Wallisw 

Panderodus  unicostatus  (Branson  &  Mehl)  Ethington  1959  p  284 
Paltodus  cf.  unicostatus  Branson  &  Mehl,  Walliser  1960,  p.  32,*  PI.  7,  fig.  8;  Fig.  10. 

DluGN°uISii  A  sPecie,s  °f.  Paltodus  similar  to  P.  acostatus  but  possessing  a 
somewhat  shallower  basal  cavity  and  bearing  a  longitudinal  carina  along  one  face. 

Figured  Specimen:  8798/4. 

Remarks:  The  material  from  Tyers  suggests  that  P.  unicostatus  tends  to  be 
more  slender  than  P.  acostatus .  Walliser  (1960)  expresses  some  reservation  in 
identifying  this  species  because  of  the  absence  of  a  cross  section  in  the  original 
description.  There  can  be  little  doubt,  however,  that  all  the  above  listed  forms  are 
conspecinc. 


Paltodus  valgus  sp.  nov. 

(Fig.  2b;  PI.  8,  fig.  7-8,  12) 

Diagnosis:  A  rapidly  expanding  species  of  Paltodus  with  a  deep  basal  cavity 
Anterior  and  posterior  edges  strongly  keeled  and  one  lateral  surface  marked  by  a 
low  rounded  ridge. 

Type  Specimens:  Holotype  8798/14;  paratypes  8798/12,  13. 

Descrip  tion.  The  cusp  is  horn-shaped,  rapidly  expanding  and  strongly  recurved 
posteriorly.  A  deep  triangular  basal  cavity  extends  to  f  of  the  height  of  the  cusp. 
The  anterior  and  posterior  margins  are  strongly  keeled.  One  lateral  face  is  gently 
convex,  whereas  the  other  is  strongly  arched  with  a  broad  rounded  ridge  present 
toward  the  anterior  edge.  Distally  the  cusp  becomes  more  rounded. 

Remarks:  In  its  general  form  the  species  resembles  Paltodus  belatus  Stauffer 
(1940,  PI.  40,  fig.  8,  9)  but  the  basal  cavity  is  considerably  deeper,  and  P.  valgus 
lacks  the  lateral  furrow  of  P.  belatus.  Drepanodus  sp.  of  Jentzsch  (1962,  p.  965, 
PI.  1,  fig.  5-7,  9;  PI.  3,  fig.  2,  13,  17)  appears  to  be  a  similar,  although  narrower 
form. 


Paltodus  sp.  A 

(Fig.  2a;  PI.  8,  fig.  36-37) 

Figured  Specimens:  8797/10-11. 

Remarks:  This  is  a  gently  expanded  species  of  Paltodus  with  a  flat  inner 
surface  and  a  more  strongly  convex  outer  surface.  The  anterior  and  posterior  edges 
are  very  closely  rounded  and  an  ill-defined  ridge  may  be  present  along  the  margins 
of  the  inner  face.  The  basal  cavity  is  deep  and  extends  to  about  f  of  the  height  of 
the  cusp.  Distally  the  cusp  becomes  rounded  in  cross  section. 

No  comparisons  can  be  made  with  previously  described  forms. 


Paltodus  sp.  B 

(PI.  8,  fig.  20) 

Figured  Specimen:  8798/6. 

Remarks:  The  single  specimen  is  a  flattened  cone  with  narrowly  rounded 
anterior  and  posterior  margins.  The  basal  cavity  is  extremely  deep.  It  appears  to 
resemble  most  closely  Paltodus  sp.  A.  of  Ziegler  (1960,  p.  190,  PI.  13,  fig.  6) 
although  in  this  form  the  cross  section  is  triangular. 
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Genus  Plectospathodus  Branson  &  Mehl  1933 
Type  Species:  Plectospathodus  flexuosus  Branson  &  Mehl  1933. 

Remarks:  This  genus  includes  laterally  compressed,  somewhat  arched,  asym¬ 
metrical  bars  with  an  enlarged  cusp.  Usually  one  limb  of  the  unit  is  twisted  and 
somewhat  curved.  The  basal  cavity  usually  possesses  a  lip  on  the  inner  side. 

Plectospathodus  resembles  Ozarkodina  but  differs  in  the  twisted  nature  of  the 
unit,  and  the  lip  of  the  basal  cavity. 

Plectospathodus  altematus  Walliser 
(PI.  8,  fig.  31-32) 

Plectospathodus  cf.  ex  tens  us  Rhodes,  Ziegler  1960,  p.  191,  PI.  15,  fig.  6-7. 

Sp.  indet.  a,  Walliser  1960,  p.  35,  PI.  7,  fig.  14. 

Plectospathodus  altematus  Walliser  1964,  p.  64,  PI.  9,  fig.  17;  PI.  30,  fig.  23-25. 

Diagnosis:  A  bladed  species  of  Plectospathodus  with  a  relatively  small 
inwardly  curved  cusp.  The  basal  cavity  is  small  and  the  inner  lip  is  not  prominent. 
Denticles  closely  spaced  and  alternating  in  size. 

Figured  Specimens:  8797/8,  10. 

Remarks:  This  is  a  particularly  well  marked  species  characterized  by  its 
Hindeodella- like  appearance.  Available  material  from  other  localities  shows  it  to 
be  particularly  variable  especially  in  the  length  of  the  anterior  limb. 

Plectospathodus  extensus  Rhodes 
(PI.  9,  fig.  9-10) 

Plectospathodus  extensus  Rhodes  1953,  p.  323,  PI.  23,  fig.  236-240;  Walliser  1957,  p.  43, 
PI.  3,  fig.  1-2;  Bischoff  &  Sannemann  1958,  p.  101,  PI.  15,  fig.  11,  14-15;  Walliser  1960, 
p.  32,  PI.  8,  fig.  20;  Jentzsch  1962,  p.  971,  PI.  2,  fig.  1,  5,  12;  Ethington  &  Furnish  1962, 
p.  1281,  PI.  173,  fig.  6;  Walliser  1962,  fig.  1  (19);  Walliser  1964,  p.  64,  PI.  8,  fig.  l, 
PI.  30,  fig.  13-14. 

Diagnosis:  A  shallowly  arched,  thin  species  of  Plectospathodus  with  laterally 
compressed  denticles.  Unit  distinctly  bowed  outwards  and  the  posterior  limb  usually 
the  shorter  with  progressively  reclined  denticles.  A  basal  groove  extends  along  the 
aboral  edge  of  the  unit  and  the  basal  cavity  has  a  distinct  lip. 

Figured  Specimens:  8797/6-7. 

Remarks:  Ziegler  (1960)  has  noted  that  the  unit  is  relatively  longer  and  the 
denticles  more  numerous  in  the  described  Gedinnian  and  younger  forms.  Ziegler 
also  emphasizes  differences  in  the  basal  cavity,  the  lip  of  which  does  not  extend  so 
far  up  the  base  of  the  cusp  in  previously  described  Devonian  forms.  In  this 
respect,  however,  the  Tyers  specimens  are  comparable  with  Upper  Silurian  forms. 
The  form  of  the  basal  cavity  is  similar  to  that  of  specimens  from  the  Ortho- 
ceratenkalk  of  Tonhalde  (Walliser  1957,  PI.  3,  fig.  1-2).  Ethington  &  Furnish 
(1962)  note  that,  in  their  specimens  of  P.  extensus ,  the  basal  cavity  extends 
progressively  up  the  inner  side  of  the  unit  during  growth,  so  that  it  may  be  that 
the  variation  seen  in  this  feature  is  of  no  real  significance.  Walliser  (1964)  also 
comments  on  the  extreme  variation  exhibited  by  the  species. 

Plectospathodus  sp. 

(PI.  9,  fig.  11-12,  23-24,  28) 

Figured  Specimens:  8797/48,  59,  60. 

Remarks:  Three  specimens  differ  from  P.  extensus  in  being  more  strongly 
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arched,  possessing  much  fewer  and  more  massive  denticles,  and  lacking  a  well- 
defined  inner  lip  to  the  basal  cavity. 

Dr  O.  H.  Walliser  (in  litt.  March  1965)  has  suggested  that  these  forms  may 
be  transitional  between  Plectospathodus  flexuosus  Branson  &  Mehl  and  P.  alternatus 
Walliser,  but  more  closely  related  to  the  former  species. 

Genus  Spathognathodus  Branson  &  Mehl  1941 
Type  Species:  Ctenognathus  murchisoni  Pander  1856. 

Remarks:  Spathognathodus  accommodates  bladed  bars  with  a  central  basal 
cavity  which  may  give  rise  to  flaring  lateral  lobes. 

Ethington  &  Furnish  (1962)  have  reviewed  nomenclatorial  problems  associated 
with  the  genus. 

Spathognathodus  inclinatus  (Rhodes) 

Prioniodella  inclinata  Rhodes  1953,  p.  324,  PI.  23,  fig.  233-235. 

Spathognathodus  inclinatus  (Rhodes),  Walliser  1957,  p.  47,  PI.  1,  fig.  16-20;  Walliser  1964 
p.  75. 

Diagnosis:  A  simple  bar-like  species  of  Spathognathodus ,  usually  with  large 
regular  denticles  which  may  be  somewhat  enlarged  above  the  basal  cavity.  Basal 
cavity  variable  in  position  and  lacking  prominent  lateral  lobes. 

Remarks:  Walliser  (1964)  has  described  and  illustrated  the  wide  variation 
seen  in  Silurian  representatives  of  this  species,  and  considers  that  the  Lower 
Devonian  form  S.  wurmi ,  at  most,  should  be  regarded  as  a  subspecies  of 
•S',  inclinatus . 

Spathognathodus  inclinatus  wurmi  Bischoff  &  Sannemann 
(PL  10,  fig.  13-16) 

Spathognathodus  wurmi  Bischoff  &  Sannemann  1958,  p.  108-109,  PI.  14,  fig.  4-10;  Ziegler 
1960,  PL  13,  fig.  12;  Jentzsch  1962,  p.  973-974,  PI.  2,  fig.  19-20. 

Diagnosis:  A  long,  bladed  subspecies  (?)  of  S.  inclinatus ,  usually  with  greatly 
enlarged  anterior  denticles  in  mature  specimens. 

Figured  Specimens:  8797/25-27;  8798/2. 

Remarks:  The  specimens  from  Tyers  resemble  closely  the  material  described 
by  Bischoff  &  Sannemann  (loc.  cit.)  from  Frankenwald.  The  differences  from 
5.  inclinatus  S.S.  are  but  slight,  and  it  may  prove  desirable  to  regard  S.  inclinatus 
as  a  synonym  of  this  form. 

Spathognathodus  steinhornensis  Ziegler 
(PL  10,  fig.  1-12) 

Spathognathodus  steinhornensis  Ziegler  1956,  p.  104-105,  PL  7,  fig.  3-10;  Bischoff  &  Sanne¬ 
mann  1958,  p.  106,  PL  13,  fig.  2-3,  7,  9;  Bartenstein  &  Bischoff  1962,  p.  44,  Pl.  3,  fig.  8-11; 
Walliser  1964,  p.  85. 

Diagnosis:  A  species  of  Spathognathodus  with  widely  flaring,  usually  asym¬ 
metrical  lateral  lobes  toward  the  posterior  end  of  the  unit.  Outer  lobe  usually 
larger  and  may  bear  irregular  nodes;  these  may  also  be  present  on  the  smaller 
inner  lobe.  Posterior  end  usually  deflected  inwards  and  tapering;  anterior  end 
usually  rather  high. 

Figured  Specimens:  8797/37-43,  50. 

Remarks:  The  abundant  material  available  shows  this  to  be  a  particularly 
variable  species  ranging  from  deep-bladed  forms  with  numerous  denticles  through 
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to  more  robust  paucidenticulate  forms  with  ornamented  lobes.  The  material  there¬ 
fore  exhibits  a  wider  range  of  variation  than  that  previously  ascribed  to  the  species. 

Walliser  (1964)  has  traced  a  phyletic  series  of  subspecies  of  this  form  through 
the  Upper  Silurian  into  the  Lower  Devonian  of  Europe.  S.  steinhornensis  eostein - 
hornensis  is  replaced  by  5.  steinhornensis  remscheidensis  Ziegler  in  the  Lower 
Gedinnian  which,  in  turn,  gives  rise  to  S.  steinhornensis  S.S.  in  younger  Lower 
Devonian  strata.  The  Tyers  material  is  referable  to  S.  steinhornensis  S.S.  so  that 
the  occurrence  of  this  form,  together  with  leriodus  bilatericrescens  Ziegler,  is 
indicative  of  an  age  younger  than  Lower  Gedinnian  for  the  Tyers  fauna. 

Genus  Trichonodella  Branson  &  Mehl  1948 
Type  Species:  Trichognathus  prima  Branson  &  Mehl  1933. 

Remarks:  Included  in  this  genus  are  nearly  symmetrical  arched  bars  usually 
with  a  prominent  posteriorly  produced  lip  above  the  basal  cavity.  The  genus  thus 
resembles  Roundya  and  Hibbardella  but,  in  these  genera,  a  denticulated  posterior 
bar  is  developed. 

Some  confusion  exists  as  to  the  authorship  of  this  genus,  for  Branson  &  Branson 
inadvertently  used  the  name  in  1947  prior  to  its  publication  in  1948  as  a  replace¬ 
ment  for  the  homonym  Trichognathus  Branson  &  Mehl  1933  (non  Berthhold 
1827).  Most  European  authors  follow  Bischoff  &  Ziegler  (1957,  p.  118-119)  who 
ascribe  the  authorship  to  Branson  &  Branson.  As,  however,  the  name  was  first 
published  without  any  discussion  or  indication  of  proposed  usage  it  must  be 
considered  as  a  nomen  nudum  until  it  was  subsequently  validated  by  Branson  & 
Mehl  (1948). 

Trichonodella  inconstans  Walliser 
(PI.  9,  fig.  15,  25) 

Trichonodella  inconstans  Walliser  1957,  p.  50,  PI.  3,  fig.  10-11;  Bischoff  &  Sannemann  1958 
p.  109,  PI.  15,  fig.  20-21;  Ziegler  1960,  p.  35,  PI.  7,  fig.  11-12;  Jentzsch  1962,  p.  974,' 
PI.  11,  fig.  16,  PI.  3,  fig.  19;  Ethington  &  Furnish  1962,  p.  1287,  PI.  173,  fig.  7;  Walliser 
1962,  fig.  1  (21);  Walliser  1964,  p.  90,  PI.  8,  fig.  8,  PI.  30,  fig.  10-12. 

Diagnosis:  A  species  of  Trichonodella  with  a  thick  anterior  arch,  the  limbs 
of  which  diverge  at  an  angle  between  80°  and  100°.  Limbs  and  denticles  coplanar 
with  denticles  separate,  widely  spaced,  and  round  in  cross  section.  Base  of  the 
slender,  posteriorly  curved  cusp  widened  and  strongly  projecting  posteriorly.  Under¬ 
side  of  the  unit  somewhat  excavated  and  deepened  under  the  main  cusp  to  give 
the  basal  cavity. 

Figured  Specimens:  8797/14-15. 

Remarks:  The  specimen  illustrated  in  PI.  9,  fig.  25  differs  from  typical 
T.  inconstans  in  its  smaller  basal  cavity  and  the  inequality  of  the  length  of  the 
limbs.  It  is,  therefore,  to  some  extent  transitional  between  T.  inconstans  and 
Lonchodina  greilingi  Walliser. 

Trichonodella  symmetrica  (Branson  &  Mehl) 

(PI.  9,  fig.  19,  21) 

Tricognathus  symmetrica  Branson  &  Mehl  1933,  p.  50,  PI.  3,  fig.  33-4. 

Trichonodella  symmetrica  (Branson  &  Mehl),  Fay  1952,  p.  199;  Rhodes  1953,  p.  315,  PI.  23, 
fig.  246;  Walliser  1964,  p.  90,  PI.  9,  fig.  11,  PI.  31,  fig.  28-30. 

Trichonodella  n.sp.  aff.  symmetrica  (Branson  &  Mehl),  Ziegler  1960,  p.  197,  PI.  15,  fig.  1-2. 

Diagnosis:  A  species  of  Trichonodella  with  a  thin  anterior  arch,  the  limbs  of 
which  diverge  at  an  angle  of  between  120°  and  170°.  Cusp  large  and  triangular  in 
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cross  section,  with  a  flattened  anterior  face.  Limbs  variable  in  depth  and  denticula- 
tion  variable  usually  denticles  somewhat  crowded.  Basal  cavity  small  not 
extending  up  the  posterior  face  of  the  arch.  y  Sma11’  not 

Figured  Specimen:  8797/17. 

Remarks:  Walliser  (1964)  distinguished  this  species  from  T.  excavata 
(Branson  &  Mehl)  principally  on  the  character  of  the  basal  cavity  which  in 
T.  excavata,  extends  up  the  posterior  face  of  the  arch  toward  the  base  of ’the 
cusp  as  a  prominent  groove,  outlined  above  by  a  posteriorly  projecting  ridge  The 
basal  cavity  of  the  Tyers  specimens  approaches  that  of  T.  symmetrica. 


Trichonodella  sp.  nov. 

(PI.  9,  fig.  29) 

Description:  The  anterior  arch  is  large  with  deep,  strongly  tapering  lateral 
limbs  which  diverge  at  an  angle  of  120°.  The  arch  is  bowed  anteriorly  with  the 
cusp  recurved  posteriorly  The  lateral  denticles  are  fused  at  their  bases,  apparently 
with  6  to  each  limb.  The  cusp  is  somewhat  triangular  in  cross  section  with  a 
flattened  anterior  face.  Its  base  is  widened  and  projects  posteriorly  over  the  small 
basal  cavity  which  is  confined  to  the  underside  of  the  cusp. 

Figured  Specimen:  8797/18. 


Remarks:  The  single  available  specimen  apparently  represents  a  new  species 
It  resembles  Trichonodella  symmetrica  in  the  character  of  the  cusp  and  the  basal 
cavity,  but  in  other  respects  it  differs  markedly  from  that  species. 


Gen.  et  sp.  indet.  A 
(PI.  8,  fig.  1-4) 

Figured  Specimens:  8797/45-47. 

Remarks:  This  is  a  small  squat  conical  form  with  a  widely  expanded  base 
Similar  forms  have  been  described  by  Bischoff  &  Sannemann  (1958)  and  by 
Jentzsch  (1962)  from  the  Upper  Silurian  and  Lower  Devonian  of  Europe.  These 
forms  were  questionably  referred  to  the  Ordovician  genus  Oneotodus  Lindstrom 
1954  by  these  authors.  Oneotodus  Lindstrom  is  regarded  as  a  synonym  of 
Drepanodus  Pander  by  Hass  (1962).  The  type  species  of  both  genera  are  essen¬ 
tially  fang-like  cusps  with  a  hollow  base,  and  differ  fundamentally  from  the 
remarkably  squat  units  illustrated  here. 

So  unusual  is  the  form  of  these  cones  that  the  question  is  raised  as  to  whether 
or  not  they  are  complete  conodont  units  (or  even  as  to  whether  they  are  conodonts 
at  all).  Bischoff  &  Sannemann  (1958)  ally  their  species  with  the  specimen  illus¬ 
trated  by  Branson  &  Mehl  (1933,  PI.  9,  fig.  3)  as  Oistodus  (?)  sp.,  from  the 
Ordovician  Plattin  Formation  of  Missouri.  As,  however,  Branson  &  Mehl  (op.  cit. 
p.  162)  describe  their  specimen  as  a  ‘cone  of  about  the  size  and  shape  of  the 
conical  excavation  in  the  base  of  the  larger  oistodids’  it  is  clear  that  they  regard  it 
as  a  detached  basal  cone.  Jentzsch  (1962,  p.  968),  on  the  other  hand,  expresses 
some  reservation  in  regarding  the  forms  which  she  questionably  referred  to 
Oneotodus  as  conodonts. 

As  the  substance  of  these  cones  is  dark  grey  and  shiny,  similar  to  that  of  the 
other  conodonts  in  the  fauna,  it  is  clear  that  they  do  not  represent  basal  cones. 
However,  until  their  internal  structure  is  known,  their  conodont  nature  cannot  be 
properly  established. 
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Gen.  et  sp.  indet.  B 
(PI.  8,  fig.  5-6) 

Figured  Specimen:  8797/44. 

Remarks:  This  is  a  form  similar  to  Gen.  et  sp.  indet.  A,  but  the  upper 
(oral?)  surface  bears  a  compressed  ridge  with  4  fused  recurved  denticles.  The 
form  of  this  unit  is  without  parallel  among  previously  described  conodonts. 

Gen.  et  sp.  indet.  C 

(PI.  8,  fig.  29-30,  33-34) 

Figured  Specimens:  8797/51-52. 

Remarks:  Two  specimens  in  the  collection  do  not  permit  confident  identi¬ 
fication.  In  these,  the  unit  is  distinctly  plate-like  and  trilobate  in  plan.  Two  lobes 
bear  lateral  denticles,  whereas  the  third  lobe  is  smaller  and  bears  the  cusp  which 
is  strongly  curved  backward  away  from  the  unit.  The  denticles  and  cusp  have 
flattened  anterior  faces.  The  aboral  surface  is  convex  and  is  marked  by  a  tiny  basal 
cavity  to  one  side  below  the  cusp. 

In  its  denticulation  and  trilobate  nature  this  form  closely  resembles  the  Middle 
Ordovician  genus  Cardiodella  Branson  &  Mehl,  particularly  the  type  species 
C.  tumidus  (Branson  &  Mehl  1933,  PI.  5,  fig.  12-14,  PI.  6,  fig.  19,  PI.  7,  fig.  2). 
In  Cardiodella ,  however,  the  whole  of  the  underside  of  the  unit  is  deeply  excavated. 

Dr  O.  H.  Walliser  (in  litt.  March  1965)  has  suggested  from  photographs  of 
these  forms  that  they  may  represent  variants  of  Lonchodina  walliseri  Ziegler. 

Vertebrate  Fragments 

Occurring  with  conodonts  in  the  heavy  portion  of  the  residue  are  a  number  of 
bony,  ornamented  fragments  and  deep  rhomboidal  plates.  As  these  are  the  most 
ancient  vertebrate  remains  recorded  from  the  Australian  continent  they  are  briefly 
described  and  figured.  Hitherto,  the  oldest  vertebrates  recorded  from  Australia 
occur  in  the  Devonian  limestones  at  Buchan,  Victoria,  and  at  Taemas  and  Good- 
radigbee,  N.S.W.  Although,  in  the  past,  a  Middle  Devonian  age  has  been  given 
to  these  sequences,  the  available  evidence  indicates  an  age  not  younger  than  late 
Siegenian  and  Emsian  (Philip  &  Pedder  1964).  These  sequences,  however,  are 
significantly  younger  than  the  Coopers  Creek  Formation.  It  should  be  noted  in  this 
connection  that  the  supposed  cephalaspid  described  by  Chapman  (1906)  from  the 
Silurian  of  Wombat  Ck,  Victoria,  is  the  cast  in  mudstone  of  a  compound  coral 
(Hills  1958). 

The  rhomboidal  plates  or  scales  may  be  divided  into  2  categories.  In  the  first 
(PI.  8,  fig.  38,  40-41)  they  consist  of  a  rhomboidal  ribbed  crown  separated  from 
a  convex  base  by  a  well-defined  constriction.  The  lower  margin  of  this  constric¬ 
tion  and  the  base  of  the  crown  are  almost  parallel  in  lateral  view.  Anteriorly  the 
neck  is  only  slightly  developed.  Two  prominent  carina  run  along  the  lateral  margins 
of  the  crown  and  separate  two  sloping  lateral  flanges  from  the  flat  central  portion 
of  the  crown.  In  small  specimens  these  lateral  surfaces  are  poorly  defined  (PI.  8, 
fig.  40).  The  carina  and  the  outer  edges  of  the  flanges  merge  posteriorly  at  a 
point.  The  anterior  margin  is  also  marked  by  6  ridges  which  fade  posteriorly. 

The  second  type  of  scale  (PI.  8,  fig.  39)  is  similar  to  the  first  except  that  the 
crown  is  more  tear-shaped  in  plan  view,  the  base  is  more  strongly  arched,  the 
lateral  flanges  are  absent,  and  the  lower  margin  of  the  neck  and  the  crown  converge 
strongly. 
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These  scales  are  of  acanthodian  affinities.  The  first  group,  in  particular,  strongly 
resembles  those  of  the  genus  Nostole  pis  as  described  by  Gross  (1947)  and  by 
Walliser  (1960).  Indeed,  only  slight  differences  in  shape  and  in  the  ornament  of 
the  crown  distinguish  the  Tyers  specimens.  Walliser  based  his  N.  American  record 
of  Nostolepis  on  scales  such  as  these. 

Nostolepis  was  originally  described  by  Pander  (1856)  from  the  Upper  Silurian 
of  the  Isle  of  Oesel.  Gross  (1947)  had  material  from  the  Beyrichia  Limestone  of 
Upper  Ludlovian  age  in  Germany.  He  also  recorded  a  single  specimen  from  the 
Ludlow  Bone  Bed.  Walliser  (1960),  however,  quotes  a  communication  from  T. 
0rvig  in  which  known  occurrences  of  the  genus  are  extended  into  the  earliest 
Devonian. 

The  fragmentary  ornamented  plates  (PI.  8,  fig.  42)  occurring  with  the  scales 
are  usually  somewhat  arched  which  suggests  that  they  may  represent  fragments 
of  acanthodian  fin  spines. 
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Explanation  to  Plates 

All  figures  X  35  approximately 
Plate  8 

pig.  1-4 — Gen.  et.  sp.  indet.  A.  (1)  Lateral  view  of  8797/45;  (2)  Lateral  view  of  8797/46; 
(3)  Lateral  view  of  8797/47;  (4)  Oral  view  of  8797/45. 

pig.  5-6 — Gen.  et  sp.  indet.  B.  Lateral  views  of  8797/44. 

Fig.  7-8,  12 — Paltodus  valgus  sp.  nov.  Outer  lateral  views  of  8798/12,  13  and  holotype 
8798/14. 

Fig.  9 — Paltodus  unicostatus  Branson  &  Mehl.  Lateral  view  of  8798/4. 

Fig.  10,  23,  43 — Paltodus  acostatus  Branson  &  Branson.  Lateral  views  of  8798/5,  3,  1. 

Fig.  ll — Hindeodella  equidentata  Rhodes.  Inner  lateral  view  of  8797/3. 

Fig.  13-14,  24-25 — Hindeodella  priscilla  Stauffer.  Inner  lateral  views  of  8797/4,  5,  9,  11. 

Fig.  15*17,  19 — Belodus  resimus  sp.  nov.  Lateral  views  of  8798/17,  holotype  8798/15,  8798/ 
18,  16. 

Fig.  18,  21 — Paltodus  cf.  recurvatus  Rhodes.  Lateral  views  of  8798/8,  9. 

Fig.  20 — Paltodus  sp.  B.  Lateral  view  of  8798/6. 

Fig.  22,  26-28 — Belodus  cf.  triangularis  Stauffer.  Lateral  views  of  8798/19,  21,  22,  20. 

Fig.  29-30,  33-34— Gen.  et  sp.  indet.  C.  (29)  Posterior  view  of  8797/52;  (30)  Anterior  view 
of  8797/51;  (33)  Oral  view  of  8797/51;  (34)  Posterior-aboral  view  of  8797/52. 

Fig.  31-32 — Plectospathodus  alternatus  Walliser.  Inner  lateral  views  of  8797/10,  8. 

Fig.  35 — Lonchodina  walliseri  Ziegler.  Posterior  view  of  8797/13. 

Fig.  36-37 — Paltodus  sp.  A.  (36)  Inner  view  of  8797/11;  Outer  lateral  view  of  8798/10. 

Fig.  38-42 — Acanthodian  fragments.  (38)  Posterio-lateral  view  of  scale  8798/23;  (39)  Oblique 
lateral  view  of  scale  8798/24;  (40)  Oblique  lateral  view  of  scale  8798/25;  (41) 
Lateral  view  of  same;  (42)  Fragment  of  fine  spine  (?)  8798/26. 


Plate  9 

pig.  1,  3 — Ozarkodina  media  Walliser.  Lateral  views  of  8797/1,  2. 

Fig.  2,  4,  6-8 — Ozarkodina  denckmanni  Ziegler.  Lateral  views  of  8797/22,  12,  21,  24,  23. 
Fig.  5— -Ozarkodina  sp.  B.  Posterior  view  of  8797/35. 

Fig.  9-10 — Plectospathodus  extensus  Rhodes.  Posterior  views  of  8797/6,  7. 

Fig  11-12,  23-24,  28 — Plectospathodus  sp.  (11)  Posterior  view  of  8797/60;  (12)  Posterior 
view  of  8797/48;  (23)  Inner  lateral  view  of  8797/59;  (24)  Outer  lateral  view  of 
8797/59;  (28)  Oral  view  of  8797/48. 

Fig  13  18,  20 — Neoprinoniodus  bicurvatus  (Branson  &  Mehl).  (13)  Inner  lateral  view  of 
8797/55;  (18)  Outer  lateral  view  of  8797/56;  (20)  Inner  lateral  view  of  8797/57. 
Fig.  14 — Neoprioniodus  (?)  sp.  Inner  lateral  view  of  8798/7. 

Fig.  15,  25 — Trichonodella  inconstans  Walliser.  Posterior  views  of  8797/15,  14. 

Fig.  16-17 — Neoprioniodus  excavatus  (Branson  &  Mehl).  Inner  lateral  views  of  8797/54,  53. 
Fig  19  21 — Trichonodella  symmetrica  (Branson  &  Mehl).  Anterior  and  posterior  views  of 
8797/17. 

Fig.  22 — Lonchodina  greilingi  Walliser.  Inner  view  of  8797/16. 

Fig.  26,  27 — Ozarkodina  sp.  A.  Lateral  views  of  8797/19,  20  respectively. 

Fig.*  29 — Trichonodella  sp.  nov.  Posterior  view  of  8797/18. 

Fig.  30-32 — Icriodus  bilatericrescens  Ziegler.  Oral,  aboral,  and  lateral  views  of  8797/25. 


Plate  10 


Fig  1-12 _ Spathognathodus  steinhornensis  steinhornensis  Ziegler.  (1)  Aboral;  (2)  Oral 

views  of  8797/38;  (3)  Lateral  view  of  8797/50;  (4)  Lateral  view  of  8797/37; 
(5)  Oral  view  of  8797/40;  (6)  Oral;  (7)  Aboral  views  of  8797/41;  (8)  Lateral 
view  of  8797/40;  (9)  Lateral  view  of  8797/39;  (10)  Oral  view  of  8797/37; 
(11)  Lateral  view  of  8797/42;  (12)  Lateral  view  of  8797/43. 

Fig  13-16— -Spathognathodus  inclinatus  wurmi  Bischoff  &  Sanncmann.  Lateral  views  of 
8797/25,  26,  27;  8798/2.  _  ,  . 

Fig.  17-18,  20-21,  24-25 —Eognathodus  sulcatus  gen.  et  sp.  nov.  (17)  Oral  view  of  8797/31; 

(18)  Oral  view  of  8797/32;  (20)  Lateral  view  of  holotype  8797/28;  (21)  Lateral 
view  of  8797/30;  (24)  Aboral  view  of  8797/29;  (25)  Oral  view  of  holotype 
8797/28. 


Fig.  19 — Eognathodus  sp.  Oral  view  of  8797/33.  anon  rxA 

Fig.  22-23 — Eognathodus  secus  gen.  et  sp.  nov.  Aboral  and  oral  views  of  holotype  8797/34. 
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MICROPLANKTON  FROM  THE  BROWNS  CREEK  CLAYS, 

SW.  VICTORIA 

By  Isabel  C.  Cookson 

Botany  Department,  University  of  Melbourne 

and  A.  Eisenack 
University  of  Tubingen 

Abstract 

Two  new  genera  and  13  new  species  of  microplankton  from  the  Upper  Eoceae  clays  at 
Browns  Ck,  Aire  District,  SW.  Victoria  are  described. 

Introduction 

The  microplankton  content  of  the  Upper  Eocene  Browns  Creek  Clays  (Carter 
1958)  is  rich  in  both  quantity  and  species.  So  far  only  5  species  have  been  iden¬ 
tified  (Cookson  1965).  In  the  present  contribution  an  attempt  will  be  made  to 
give  a  more  complete  picture  of  the  assemblage  as  a  whole  and,  as  far  as  possible, 
the  distribution  of  the  types  identified.  As  previously  noted  the  samples  examined 
represent  a  carbonaceous  clay  A  (25  ft  below  greensand),  the  greensand  B,  a 
calcareous  clay  15  ft  above  greensand  C,  a  carbonaceous  clay  D  (not  D.J.T. 
sample)  about  40  ft  above  greensand,  and  a  gritty  clay  E  50  ft  above  greensand. 

The  samples  were  generously  provided  by  Mr  D.  J.  Taylor,  Mines  Department 
of  Victoria.  Holotypes  and  paratypes  are  in  the  palaeontological  collection  of  the 
National  Museum  of  Victoria.  Numbers  prefaced  by  the  letter  P  are  registered 
numbers  in  that  collection. 


Systematic  Descriptions 

Class  Dinophyceae 
Family  Peridiniaceae 
Genus  Peridinium  Ehrenberg 
Peridinium  cocenicum  n.sp. 

(PI.  11,  fig.  1-5;  holotype  fig.  1,  2,  P24085) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
carbonaceous  clay  25  ft  below  greensand;  greensand  and  calcareous  clay  15  ft 
above  greensand. 

Description:  Shell  small,  oval,  tabulated  and  divided  almost  equally  by  a 
relatively  broad,  helicoid  girdle.  Both  epitheca  and  hypotheca  with  a  small,  solid 
horn.  Wall  of  shell  finely  granular  with  or  without  small  dot-like  thickenings  of 
variable  size  on  the  surface  of  the  plates  (PI.  1 1,  fig.  5).  The  borders  of  the  girdle 
and  the  thin  transparent  ledges  of  the  plates  are  lightly  granular  and  their  edges 
dotted  with  evenly  spaced  granules  and  small  tubercles,  or  sparsely  denticulate. 

Tabulation  is  of  the  Peridinium  type,  4'?,  3a,  7",  5"',  lp,  2,,//.  Plate  V  is 
kite-like  in  shape,  the  two  upper  sides  of  the  ‘rhomb’  being  shorter  than  the  two 
lower.  Plate  l'"  is  very  narrow.  Intercalary  strips  are  sometimes  evident.  The 
archeopyle  is  relatively  large,  hexagonal,  and  intercalary. 
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Dimensions:  Holotype — c.  60  long,  40  ^  broad.  Range — c.  48-62  ^  long, 
33-48  fx  broad. 

Comment:  As  far  as  we  know  this  is  the  first  record  from  a  Tertiary  deposit 
of  a  form  clearly  comparable  with  the  genus  Peridinium .  Unlike  previous  records 
based  on  specimens  preserved  in  Cretaceous  flints,  the  Browns  Ck  specimens  were 
isolated  by  treatment  with  hydrofluoric  acid,  followed  by  oxidation  with  nitric  acid 
and  clearance  with  weak  alkali. 
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top  OF  SECTION  COVERED  BY  SAND 


DARK  GREY  CARBONACEOUS  CLAY 


GREY  CLAYEY  MARL 


GREY  CLAYEY  MARL  -  BRYOZOAL 


GREY  MARL  WITH  GLAUCONITE 
DECREASING  UPWARDS 


GLAUCONITIC  SAND  WITH  NOTOSTRF A 
-  BRACHIOPODS  COMMON. 

BASAL  6"  OF  BROWN  CLAY-SAND 


DARK  GREY  FOSSILIFEROUS  CLAY  - 
TURRITELLA  COMMON 


BROWN -GREY  FOSSILIFEROUS  SANDY 
CLAY  -  IRON  STAINED  QUARTZ  SAND 
TURRITELLA  COMMON 


BROWN  SANDY  CLAY  ROUND  TO  ANGULAR  SAND 


BASE  OF  SECTION  COVERED  BY 
DRIFT  SAND 


Fig.  1 — Measured  Section  of  Browns  Creek  Clays  (section  in  first  gully  W.  of 
Browns  Ck).  Column  based  on  Abney  and  metallic  tape  traverse  by  Hocking, 
McGowran,  &  Taylor,  Oct.  1963.  Sample  D  is  not  in  this  series  of  sampling. 
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Family  Deflandreaceae 
Genus  Deflandrea  Eisenack 

Deflandrea  phosphoritica  Eisenack 
(PL  11,  fig.  11) 

Deflandrea  phosphoritica  Eisenack  1954,  p.  52. 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
carbonaceous  clay,  25  ft  below  greensand  (infrequent)  to  gritty  clay  45-50  ft 
above  greensand  (numerous)  inclusive. 

Comment:  The  Browns  Ck  examples  agree  in  general  features  with  those  of 
the  type  locality  in  East  Prussia.  However,  some  examples  show  variations  which 
link  them  closely  with  the  examples  from  Spitsbergen  referred  to  D.  phosphoritica 
by  Manum  (1960).  These  are — (1)  a  partial  granulation  of  the  shell  wall,  in  the 
Victorian  specimens  restricted  to  the  lateral  margins  and  surface  of  apical  horn 
(PI.  11,  fig-  11);  (2)  the  presence  of  a  short  ‘solid  papilla’  at  the  tip  of  the  apical 
horn;  (3)  the  presence  of  patterned  and  unpattemed  areas  on  the  surface  of  the 
capsule;  (4)  the  presence  of  small  thickenings  on  the  wall  of  the  capsule. 

An  interesting  feature  in  some  of  the  more  favourably  presented  examples 
(PI.  11,  fig-  11)  is  the  occurrence  of  the  short  concavo-convex  thickening,  in  the 
middle  of  the  lower  portion  of  the  ventral  surface,  recently  demonstrated  in 
4  Victorian  species  of  Deflandrea  and  a  species  of  Ginginodinium  and  believed  to 
be  associated  with  the  flagellar  pore  (Cookson  &  Eisenack  1965a,  b). 

Deflandrea  cf.  heterophlycta  Deflandre  &  Cookson 
(PI.  11,  fig.  10) 

Deflandrea  heterophlycta  Deflandre  &  Cookson  1955,  p.  249. 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
carbonaceous  clay  40  ft  above  greensand,  gritty  clay  45-50  ft  above  greensand. 

Comment:  Specimens  with  the  general  characters  of  D.  phosphoritica ,  but 
with  tuberculate  thickenings  on  the  wall  of  the  capsule,  similar  to,  but  less 
prominent  than  those  of  D.  heterophlycta,  are  not  uncommon  in  the  upper  beds 
of  the  Browns  Creek  section.  Furthermore,  the  shape  of  the  shell  differs  from 
that  of  the  holotype  of  D.  heterophlycta  and  more  particularly  that  of  additional 
specimens  of  this  species  recently  isolated  from  the  type  locality  at  Castle  Cove, 
Victoria.  Since,  hitherto,  the  holotype  has  been  the  only  complete  specimen  of 
D.  heterophlycta  known,  the  new  examples  have  been  illustrated  (PL  12,  fig.  1,  2) 
for  comparison  with  the  Browns  Ck  form  herein  questionably  referred  to  as 
D.  cf.  heterophlycta  on  the  one  hand  and  the  extension  of  our  knowledge  of  the 
species  D.  heterophlycta  on  the  other.  In  them  the  abundance  and  prominence  of 
the  tubercles  and  the  difference  in  their  arrangement  on  the  ventral  and  dorsal 
surfaces,  not  hitherto  observed,  are  features  of  special  interest. 

Deflandrea  leptodermata  n.sp. 

(Pl.  11,  fig.  6,  7;  holotype  fig.  6,  P24093) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
greensand  and  carbonaceous  clay  25  ft  below  greensand. 

Description:  Shell  untabulated,  longer  than  broad  with  strongly  convex  sides, 
a  short,  blunt  apical  horn  and  two  short,  broad,  slightly  pointed  antapical  horns. 
Girdle  usually  not  indicated.  Wall  of  shell  thin,  distinctly  granular.  Capsule  large, 
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circular  in  outline,  almost  filling  the  shell,  wall  very  thin  and  densely  granular. 
Archeopyle  usually  indistinctly  outlined,  broader  than  long,  possibly  6-sided.  In 
the  specimen  shown  in  PI.  11,  fig.  7  the  basal  suture  of  the  archeopyle  is  evident 
as  a  fine  line  crossing  the  upper  part  of  the  shell  at  a  right  angle. 

Dimensions:  Holotype — 118  /x  long,  92  jx  broad.  Range — 87-123  /x  long, 
78-102  fx  broad. 

Comment:  D.  leptodermata  appears  to  be  restricted  to  the  lower  portion  of  the 
Browns  Creek  section.  It  is  infrequent  in  the  greensand. 

Deflandrea  granulosa  n.sp. 

(PI.  11,  fig.  8,  9;  holotype  fig.  8,  P24095) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
carbonaceous  clay  about  40  ft  above  greensand,  gritty  clay  45-50  ft  above  green¬ 
sand. 

Description:  Shell  longer  than  broad,  thin-walled,  untabulated  with  slanting  to 
convex  sides,  a  short,  blunt  apical  horn  of  rather  variable  shape  and  size  and  two 
blunt  antapical  horns.  Girdle  indistinct,  indicated  by  two  median  lateral  indenta¬ 
tions.  Shell  wall  densely  and  finely  to  coarsely  granular.  Capsule  large,  circular  in 
outline,  nearly  filling  the  main  portion  of  the  shell,  rather  thick-walled,  densely  and 
finely  to  coarsely  granular,  occasionally  with  small  blunt  tubercles.  Archeopyle 
large,  widely  hexagonal. 

Dimensions:  Holotype — c.  118  /x  long,  68  \x  wide,  capsule  c.  62  X  71  /x. 
Range — c.  94-128  /x  long,  68-102  /x  wide,  capsule  62-72  /x  X  68-82  /x. 

Genus  Scriniodinium  Klement 
Scriniodinium  australiense  (Deflandre  &  Cookson)  1955 
(PI.  13,  fig.  15) 

Gymnodinium  australiense  Deflandre  &  Cookson  1955,  p.  248. 

Scriniodinium  australiense  Deflandre  &  Cookson;  Gerlach  1961,  p.  173. 

Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria,  carbon¬ 
aceous  clay  25  ft  below  greensand,  carbonaceous  clay  about  40  ft  above  greensand. 

Comment:  The  specimens  from  Browns  Ck  are  closely  similar  to  those  from 
the  type  locality  of  the  Balcombian  Stage  at  Balcombe  Bay,  SE.  Victoria.  A  few 
have  shown  slight  indications  of  an  antapical  prominence,  a  feature  not  mentioned 
in  the  original  description.  The  surface  of  the  examples  from  the  carbonaceous 
clay  at  40  ft  above  the  greensand  differs  from  typical  examples  of  S.  australiense 
in  having  a  surface  pattern  composed  of  small  polygonal  areas.  It  is  possible  that 
this  form  is  specifically  distinct  but,  for  the  present,  a  specific  separation  on  this 
feature  alone  seems  inadvisable. 

Family  Gonyaulacaceae 
Genus  Leptodinium  Klement 
Leptodinium  dispertitum  n.sp. 

(Pl.  12,  fig.  5-7;  holotype  fig.  5,  6,  P24097) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
greensand,  carbonaceous  clay  25  ft  below  greensand  and  calcareous  clay  15  ft 
above  greensand. 

Description:  Shell  small,  oval,  without  a  horn,  tabulated,  and  divided  equally 
by  a  relatively  broad,  helicoid  girdle  consisting  of  six  plates.  Plates  smooth  or 
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faintly  granular,  bordered  by  transparent  ledges.  The  longitudinal  field  on  the 
ventral  surface  (representative  of  a  longitudinal  furrow),  which  extends  from  the 
apical  plates  to  the  antapical  plate,  is  typically  marked  by  three  large  plates;  very 
occasionally  the  transverse  wall  between  the  two  upper  ones  is  incomplete. 
Archeopyle  formed  by  the  removal  of  plate  3". 

Tabulation:  3-4',  6",  6g,  5'",  Ip,  1"". 

Dimensions:  Holotype — 62  fx  long,  57  ^  wide.  Range — 55-80  jx  long,  48-86  p 
wide. 

Comment:  L.  dispertitum  closely  resembles  L.  maculatum  Cookson  &  Eisen- 
ack  (1961)  from  Upper  Eocene  deposits  in  Rottnest  Is.,  Western  Australia.  It  is 
distinct  from  this  species  in  that  the  surfaces  of  the  plates  are  smooth  or  only 
faintly  granular,  not  ‘distinctly  dotted’  as  in  L.  maculatum  and  the  longitudinal 
field  is  usually  divided,  not  continuous  and  furrow-like  as  in  that  species. 

Leptodinium  victorianum  n.sp. 

(PL  12,  fig.  8,  9;  holotype  P24099) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
greensand,  calcareous  clay  15  ft  above  greensand. 

Description:  Shell  nearly  spherical,  clearly  tabulated,  borders  of  plates, 
including  those  of  girdle  distinct,  thin  and  transparent.  Girdle  strongly  helicoid, 
represented  by  six  plates,  the  lower  borders  of  the  two  plates  adjacent  to  the 
longitudinal  field  usually  missing.  Longitudinal  field  partially  divided  into  three 
plates,  the  two  upper  ones  always  incompletely  separated,  the  third  adjacent  to 
plate  1""  clearly  delimited.  Archeopyle  formed  by  the  detachment  of  plate  3". 

Tabulation:  3',  6",  5"',  lp,  1"". 

Dimensions:  Holotype — overall  length  100  fx,  overall  width  100  /x.  Range — 
overall  length  80-120  /*,  overall  width  80-123  \x. 

Comment:  At  first  sight  L.  victorianum  appears  very  similar  to  L.  dispertitum . 
The  main  distinguishing  features  are  the  larger  size,  spherical  form,  and  the 
constant  absence  of  the  transverse  dividing  between  the  upper  two  plates  of  the 
..  ventral  field  in  L.  victorianum.  This  species  differs  from  L.  maculatum  from 
Western  Australia  in  having  a  smooth  surface  and  in  the  constant  presence  of  a 
clearly  defined  plate  adjacent  to  the  antapical  plate. 

Leptodinium  elegans  n.sp. 

(P.  12,  fig.  10-13;  holotype  fig.  10,  12,  P24100) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
calcareous  clay  15  ft  above  greensand. 

Description:  Shell  spherical,  thick-walled  (c.  3-5  /*),  girdle  equatorial, 
strongly  helicoid,  clearly  defined  and  plated  on  the  dorsal  surface,  only  slightly  so 
on  the  ventral  surface.  Borders  of  plates  including  those  of  girdle,  high,  transparent, 
and  granular  with  wavy  or  dotted  edges.  The  longitudinal  field  wide  and  only 
partially  plated  and  bordered.  The  plate  adjacent  to  the  antapex  is  always  present 
as  is  the  right-hand  border  of  the  field;  the  left-hand  border  is  restricted  to  the 
hypotheca.  The  archeopyle  is  formed  by  the  detachment  of  a  portion  of  plate  3". 
Wall  of  shell  finely  and  densely  granular. 

Tabulation:  3',  6",  5'",  lp,  1"". 
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Dimensions:  Holotype — overall  length  c.  100  /x,  overall  width  c.  100  /x;  shell 
70  X  70  /jl.  Range — overall  length  c.  80-120  /x,  overall  width  c.  80-123  /x;  shell 
67-81  X  67-86  /x. 

Comment:  L.  elegans  is  readily  distinguishable  from  L.  dispertitum,  L .  vie - 
torianum,  and  L.  maculatum  from  Western  Australia  by  the  high  and  character¬ 
istically  featured  borders  of  the  plates.  In  addition,  it  differs  from  all  three  in  the 
restriction  of  the  border  of  the  longitudinal  field  to  the  hypotheca. 

Family  Microdiniaceae 
Genus  Eisenackia  Deflandre  &  Cookson 
Eisenackia  ornata  n.sp. 

(PL  13,  fig.  1-8;  holotype  fig.  1,  2,  P24101) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
from  carbonaceous  clay  25  ft  below  greensand  to  gritty  clay  50  ft  above  greensand 
inclusive. 

Description:  Shell  oval,  apex  slighdy  pointed,  antapex  with  two  short  pro¬ 
jections,  girdle  equatorial,  broad,  strongly  helicoid,  divided  into  six  plates.  Dorsal 
surface  clearly  tabulated,  the  plates  which  are  outlined  by  low,  transparent  ledges 
(PI.  13,  fig.  8)  being  separated  by  distinct  furrows.  The  ventral  field,  corresponding 
to  the  longitudinal  furrow,  is  broadly  oval  and  crossed  by  a  varying  number  of 
irregularly  arranged  straight  or  curved  low,  narrow  ridges  of  different  lengths.  The 
two  antapical  projections  are  situated  at  the  ventral  corners  of  the  antapical  plate. 
The  surface  of  the  shell  is  rather  finely  and  closely  granular.  The  shell  opens  by 
the  detachment  of  a  slightly  hexagonal  apical  operculum  (PI.  13,  fig.  7). 

Tabulation:  4',  5"  (or  6"),  5'",  2p,  1"". 

Dimensions:  Holotype — 70  /x  long,  57  /x  wide;  paratype  67  X  56  /x.  Range _ 

width  55-88  /x. 

Comment:  Of  the  many  examples  of  E.  ornata  seen,  only  two  (holotype  and 
unfigured  paratype)  have  been  complete.  Those  from  which  the  operculum  has 
been  detached  expand  tangentially  to  varying  degrees,  so  that  the  measurement  of 
width  given  (53-88  p)  is  not  necessarily  a  true  one. 

E.  ornata  is  clearly  distinguishable  from  the  genotype  E.  crassitabulata 
Deflandre  &  Cookson  (1955)  by  the  granular  surface  pattern  in  contrast  to  the 
thick-walled  reticulum  of  E.  crassitabulata  and  by  the  unplated  and  distinctive 
character  of  its  ventral  field. 

The  specimen  from  an  Upper  Paleocene  deposit  in  N.  Germany  referred  by 
Alberti  (1961,  PI.  3,  fig.  19)  to  E.  crassitabulata ,  seems  more  like  E.  ornata ,  as 
far  as  can  be  judged  from  a  ventral  view  alone.  Alberti  states  that  the  surface- 
pattern  is  only  faintly  indicated  whereas,  in  all  the  examples  of  E.  crassitabulata 
that  we  have  seen,  the  reticulum  with  relatively  wide  muri  has  been  clearly 
discernible  (Cookson  &  Eisenack  1965a).  On  the  other  hand,  the  granulation  of 
E.  ornata  could  be  more  difficult  to  see  were  the  preservation  to  be  unfavourable. 

Family  Stephodiniaceae 
Genus  Stephodinium  Deflandre 
Stephodinium  spiniferum  n.sp. 

(PI.  14,  fig.  10;  holotype,  P24105) 

Age  and  Occurrence:  Browns  Creek  Clays,  SW.  Victoria,  carboniferous 
clay  25  ft  below  greensand,  carbonaceous  clay  40  ft  above  greensand. 
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Description:  Shell  with  the  two  prominent  equatorial  wing-like  flanges 
characteristic  of  the  genus.  The  flanges  are  crossed  by  fine  ledges  which  radiate 
from  the  shell.  The  margins  of  the  flanges  are  undulant  and  their  convexities 
ornamented  with  spinous  outgrowths.  A  ventral  opening  is  present,  in  the  vicinity 
of  which  are  a  few  larger  spines. 

Dimensions:  Holotype — c.  64  p  across  the  wing.  Range — c.  56-64  p. 

Comment:  Six  specimens  have  been  recovered,  all  of  which  are  considerably 
flattened,  making  details  regarding  the  shell  and  measurements  difficult  to  obtain. 
However,  all  are  considerably  smaller  than  Stephodinium  australicum  Cookson  & 
Eisenack  1962  from  mid-Cretaceous  deposits  in  Western  Australia.  S.  spiniferum 
differs  from  this  species,  as  well  as  from  the  two  European  Cretaceous  species 
S.  coronation  Deflandre  and  S.  europaecum  Cookson  &  Hughes  1964,  in  the 
presence  of  the  spine-like  outgrowths. 

Family  Uncertain 

Genus  Schematophora  Deflandre  &  Cookson 

Comment:  When  the  genus  Schematophora  was  first  described,  the  authors 
stated  that  ‘more  and  better  preserved  examples  are  needed  to  establish  the  exact 
tabulation  necessary  for  the  recognition  of  the  affinities  and  systematic  position  of 
Schematophora \  For  this  reason  we  are  including  a  few  additional  details  obtained 
from  a  study  of  specimens  from  Browns  Ck  that  are  referable  to  the  genotype 
S.  speciosa . 

Schematophora  speciosa  Deflandre  &  Cookson 
(PI.  13,  fig.  9-12) 

Systematophora  speciosa  Deflandre  &  Cookson  1955,  4:  262. 

Age  and  Occurrence:  Upper  Eocene:  Browns  Ck,  calcareous  clay  15  ft 
above  greensand. 

Comment:  In  the  specimens  from  Browns  Ck,  as  in  the  refigured  paratype 
(PI.  13,  fig.  9,  10),  a  helicoid  girdle  composed  of  rectangular  fields  is  prominent 
on  the  dorsal  surface  and  visible  near  the  lateral  edges  of  the  ventral  surface. 
.There  are  four  apical  fields  of  unequal  size,  one  antapical  field  and  three  pre-  and 
postcingular  fields  (PI.  13,  fig.  11,  12)  on  the  dorsal  surface.  The  smaller  fields 
of  the  ventral  surface  are  variable  in  size  and  number  and  separated  by  intercalary 
strips.  The  shell  opens  by  an  apical  archeopyle. 

Genus  Hemiplacophora  n.gen. 

Description:  Shell  broadly  oval  to  almost  spherical,  dorsiventral,  the  surface 
divided  into  field-like  areas  by  incomplete  semicircular  ledges.  The  apex  has  four 
small  fields,  two  larger  dorsal  and  two  very  small  ventral  ones;  there  is  one  large 
antapical  field.  The  dorsal  surface  is  characterized  by  four  large,  approximately 
semicircular  fields,  the  long  axes  of  which  arc  parallel  to  the  long  axis  of  the  shell, 
two  immediately  beneath  the  apex  and  two  adjacent  to  the  antapex;  the  equatorial 
area  is  without  ledges.  On  the  ventral  surface  the  ledges  are  irregularly  arranged 
and  vary  in  number  and  in  outline  from  short  to  long  and  from  straight  to  wavy, 
curved  or  even  almost  circular.  The  ledges  have  knob-like  or  much  thickened 
bases  and  thin,  continuous  or  perforated  ±  wing-like  expansions  with  crenulate 
margins.  The  shell  opens  by  an  apical  archeopyle. 

Genotype:  Hemiplacophora  semilunifera  n.sp. 
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Hemiplacophora  semilunifera  n.sp. 

(PI.  14,  fig.  4-9,  16;  holotype  fig.  4,  5,  P24103) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
carbonaceous  clay  40  ft  above  greensand. 

Description:  Shell  small,  broadly  oval  with  slightly  flattened  apex  and  antapex, 
in  one  specimen  five  typical  fields  have  been  seen  in  the  ‘epitheca’  and  four  or  five 
in  the  ‘hypotheca’.  Ledges  of  the  ventral  surface  usually  low,  not  enclosing  fields, 
very  variable  as  to  shape  and  length,  occasionally  almost  circular  in  outline.  The 
wing-like  expansions  of  the  ledges  are  variable  in  width,  height,  and  degree  of 
perforation;  they  are  frequently  inconspicuous  on  the  ventral  surface.  Wall  of  shell 
relatively  thick,  closely  and  finely  granular.  The  operculum  bears  two  1 1  circular 
ledges  and  two  short  straight  ones  (PI.  14,  fig.  16). 

Dimensions:  Holotype — overall  length  c .  62  overall  width  c.  57  shell 
c.  54  X  50  Range — overall  length  c.  60-70  ft ,  overall  width  c.  56-62  /x. 

Comment:  The  present  limits  purposely  allowed  for  H.  semilunijera  are  rather 
wide.  It  seems  possible,  therefore,  that  further  investigations  may  result  in  the 
specific  separation  of  individuals  similar  to  the  one  shown  in  PI.  14,  fig.  8,  9. 

Genus  Systematophora  Klement 
Systematophora  ancyrea  n.sp. 

(PI.  14,  fig.  1-3;  holotype  fig.  1,  P24102) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
carbonaceous  clay  25  ft  below  greensand,  carbonaceous  clay  40  ft  above  greensand! 

Description:  Shell  spherical  or  slightly  oval  with  a  rather  thick,  densely 
granular  wall  and  numerous  slender,  flexuous,  simple  or  occasionally  forked 
appendages  with  capitate  or  slightly  bifurcate  apices.  The  appendages  arise, 
mainly,  from  raised  ridges  which  completely  or  incompletely  delimit  circular  or 
polygonal  areas.  These  areas  are  variable  in  size  and  are  either  separate  from  one 
another  or  coalescent.  On  one  surface  such  areas  tend  to  bound  a  narrow  longi¬ 
tudinal  apparently  appendage-free  surface.  The  shell  opens  by  an  apical  archeopyle, 
the  angular  rim  of  which  is  suggestive  of  plates. 

Dimensions:  Holotype — overall  width  c .  97  /x,  width  of  shell  c.  62  Range _ 

overall  width  c.  86-97  /x,  width  of  shell  c.  52-62  /x,  appendages  c.  10-26  ft. 

Comment:  S.  ancyrea  differs  from  the  Jurassic  genotype  S.  areolata  Klement 
in  that  the  boundaries  of  the  fields  from  which  the  appendages  arise  are  not  always 
complete,  nor  always  separate  from  one  another.  The  same  differences  separate 
S.  ancyrea  from  the  Victorian  Miocene  species  S.  ( Hytrichosphaeridium )  placa- 
cantha  (Deflandre  &  Cookson  1955).  The  figured  holotype  of  this  species  clearly 
supports  the  statement  by  these  authors  that  ‘each  field  is  separated  from  its 
neighbours  by  an  area  devoid  of  appendages’. 

Genus  Samlandia  Eisenack 
Samlandia  reticulifera  n.sp. 

(PI.  15,  fig.  10-15;  holotype  fig.  10,  P24106) 

Age  and  Occurrence:  Browns  Creek  Clays,  SW.  Victoria,  greensand  and 
calcareous  clay  15  ft  above  greensand. 

Description:  Shell  oval  with  a  short,  conical,  apical  and  antapical  projection 
and  two  lower,  broader  or  less  clearly  defined  projections  in  an  equatorial  position, 
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one  on  each  side.  Wall  of  shell  2-layered,  the  inner  ornamented  by  a  complete  or 
incomplete  reticulum.  The  relatively  thick  muri  support  short,  thin,  closely  and 
vertically  arranged  appendages  with  broadened  apices  (PI.  15,  fig.  15)  which,  by 
their  close  approximation  and  possible  coalescence,  form  the  closely  opposed  outer 
thin  layer  of  the  wall.  The  archeopyle  is  sub-apical  and  the  operculum  approxi¬ 
mately  quadrangular  or  rectangular  in  outline. 

Dimensions:  Holotype — c.  114  ^  long,  c.  94  ^  wide.  Range — c .  80-114  ^ 
long,  c.  70-95  p.  wide. 

Comment:  S.  reticulifera  differs  from  the  genotype  S.  chlamydophora  (Eisen- 
ack  1963,  PI.  2,  fig.  14)  in  the  prominent  reticulation  of  the  inner  layer  of  the 
wall  and  the  close  approximation  of  the  enclosing  membrane.  In  S .  chlamydophora 
the  outer  membrane  is  widely  separated  from  the  inner  wall  and  is  supported  by 
long  unbranched  lamellae.  The  archeopyle  is  sub-apical  in  both  species. 

Genus  Aireiana  n.gen. 

Description:  Shell  spherical,  firm-walled,  with  an  apical  and  antapical  promin¬ 
ence  and  a  number  of  irregularly  distributed  wart-like  areas  of  variable  size  and 
construction.  A  smooth  girdle-like  zone  and  a  similar  unornamented  longitudinal 
area  may  be  indicated  on  the  dorsal  and  ventral  surfaces  respectively.  The  shell 
opens  by  a  sub-apical  archeopyle. 

Comment:  The  genus  is  named  after  the  Aire  District  in  SW.  Victoria  in 
which  the  Upper  Eocene  Browns  Creek  Clays  are  situated. 

Genotype:  Aireiana  verrucosa  n.sp. 

Aireiana  verrucosa  n.sp. 

(PI.  14,  fig.  11-13;  holotype  fig.  11,  12,  P24107) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek,  SW.  Victoria,  cal¬ 
careous  clay  15  ft  above  greensand. 

Description:  Shell  dorsiventral,  almost  spherical,  rather  thick-walled  (c. 
3_4  ^)  with  short  apical  and  antapical  prominences.  In  the  type  the  apical  promin¬ 
ence  is  short  (c.  5  p),  relatively  broad,  and  concave  distally;  the  antapical  one  is 
larger  (c.  12  p  long),  conical,  and  of  fibrillar  construction.  A  few  wart-like  out¬ 
growths  of  variable  size  have  occurred  on  the  general  surface  of  all  the  examples 
examined,  at  least  some  of  them  being  composed  of  short,  straight  fibrils,  the  distal 
ends  of  which  are  united  (PI.  14,  fig.  13). 

The  dorsal  surface  of  the  type  (PI.  14,  fig.  12)  is  partially  ornamented  with 
dot-like  thickenings,  a  relatively  wide,  approximately  equatorial  portion  being 
unornamented.  This  area,  suggestive  of  a  girdle-zone,  is  partly  outlined  by  two 
sets  of  three  individual  but  closely  approximated  thickenings  of  characteristic 
appearance  on  one  side  of  the  mid-line.  On  the  other  side,  thickenings  are  also 
present  but  they  are  fewer,  smaller,  and  less  regularly  arranged. 

The  ornament  of  the  ventral  surface  of  the  type  (PI.  14,  fig.  11)  consists  of 
short,  closely  intertwined  curved  ridges,  except  in  a  median  longitudinal  area  in 
the  antapical  portion  of  the  shell  where  the  wall  is  smooth. 

The  shell  opens  by  a  large  rounded  trapezoid  archeopyle. 

Dimensions:  Holotype — overall  length  c.  95  p\  shell  c.  78  p  long,  c .  76  p 
wide.  Range — overall  length  76-95  p;  shell  c.  68-78  p. 

Comment:  Although  several  examples  of  A.  verrucosa  have  been  recovered, 
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both  the  generic  and  specific  descriptions  given  above  have  been  based  mainly  on 
the  well-presented  specimen  taken  as  the  type.  The  reason  for  this  is  that  the  five 
other  examples  in  hand  are  either  lying  in  less  suitable  planes  or  are  somewhat 
compressed.  However,  these  additional  examples,  especially  the  paratype  in  which 
paired  thickenings,  similar  to  those  delimiting  the  girdle  zone  of  one  side  in  the 
type,  are  present,  afford  strong  support  for  our  action  in  giving  this  form  generic 
status. 

Several  features  of  A.  verrucosa  suggest  a  general  relationship  with  the  Dino- 
phyceae. 

Family  Hystrichosphaeraceae 
Genus  Cannosphaeropsis  O.  Wetzel 
Cannosphaeropsis  cf.  densiradiata  Cookson  &  Eisenack  1962 
(PL  14,  fig.  15,  P24179) 

Cannosphaeropsis  densiradiata  Cookson  &  Eisenack  1962,  p.  493,  PL  4,  fig.  5-7. 

Age  and  Occurrence:  Upper  Eocene:  Browns  Ck,  SW.  Victoria,  greensand, 
carbonaceous  clay  25  ft  below  greensand. 

Comment:  Several  specimens  which  closely  resemble  the  Western  Australian 
Cenomanian  species  C.  densiradiata  have  been  recovered  from  the  Browns  Ck 
deposits  mentioned  above.  All  agree  with  this  species  in  respect  of  small  size  and 
large  number  of  the  fine  radial  appendages,  from  the  distal  branching  and  sub¬ 
sequent  fusion  of  which  the  enclosing  open  network  is  derived. 

In  the  Browns  Ck  examples  the  number  of  appendages,  and  to  some  extent 
their  shape,  has  varied  somewhat.  In  those  with  fewer  and  wider  appendages  the 
loops  comprising  the  network  are  correspondingly  larger  than,  for  example,  the 
one  figured  (PI.  14,  fig.  15)  in  which  they  are  very  fine,  numerous,  and  closely 
approximated.  Until  more  is  known,  therefore,  regarding  the  variation  that  may 
occur  in  specimens  of  C.  densiradiata  from  the  type  locality,  we  prefer  to  compare 
the  Victorian  Tertiary  specimens  with  rather  than  assign  them  to  this  species. 

Of  local  interest  is  the  recent  recognition  of  specimens  similar  to  those  from 
Browns  Ck  in  a  sample  from  the  Nelson  Bore,  SW.  Victoria  at  730  ft. 

Dimensions:  Range — overall  diameter  of  Browns  Ck  examples  c.  52-83 
diameter  of  shell  28-48  /a. 

Family  Hystrichosphaeridiaceae 
Genus  Cordosphaeridium  Eisenack 
Cordosphaeridium  capricomum  n.sp. 

(Pl.  15,  fig.  1-9;  holotype  fig.  7,  P24104) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
greensand  to  gritty  clay  50  ft  above  greensand  inclusive. 

Description:  Shell  approximately  spherical  with  numerous  radially  arranged 
appendages  of  characteristic  form  which  vary  in  number  in  individual  specimens 
and  in  size,  form,  and  structure  in  one  and  the  same  specimen.  All  are  solid;  some 
are  simple  with  unbranched  or  slightly  branched  apices  or  with  terminal  bifurcations 
which  extend  laterally  and  are  upwardly  or  downwardly  curved;  others  are  broadly 
flattened  and  perforated  to  varying  degrees  with  broad  apices  which  narrow 
gradually  as  they  curve  backwards  towards  the  shell.  The  upper  surface  of  the 
apices  and  their  extensions  are  consistently  finely  denticulate  (PI.  15,  fig.  8,  9). 
The  bases  of  the  larger  appendages  are  semicircular  to,  occasionally,  almost  circular, 
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and  similarly  the  tips  of  the  apical  prolongations  sometimes  appear  to  touch  but, 
in  reality,  are  never  connected.  The  appendages  are  sometimes  faintly  and  longi¬ 
tudinally  striated;  shorter  and  more  pronounced  striations  may  be  evident  at  or 
near  their  points  of  origin.  The  surface  of  the  shell  is  faintly  granular. 

The  archeopyle  is  apical,  the  operculum  bearing  four  appendages,  two  relatively 
large  and  two  small  (PI.  15,  fig.  9). 

At  the  antapex  an  approximately  circular  area,  outlined  either  completely 
(PI.  15,  fig.  6)  or  incompletely  by  a  ridge  to  which  a  few  small  simple  appendages 
may  or  may  not  be  attached,  has  been  seen.  Such  an  area  is  suggestive  of  an 
antapical  field. 

Dimensions:  Holotype — overall  width  c.  78  /*,  width  of  shell  c.  52  /x.  Range — 
overall  width  c.  70-94  p,  width  of  shell  c.  43-52  p\  appendages  c.  18-30  p  long. 

Comment:  In  the  holotype  the  distribution  of  the  appendages  on  the  two 
surfaces  differs.  On  the  one  shown  in  PL  15,  fig.  7  there  is  a  relatively  large  append¬ 
age-free  area,  whereas  on  the  other  surface  the  appendages  are  more  evenly 
distributed.  In  the  paratype  (PI.  15,  fig.  2,  3)  an  almost  circular  antapical  ridge 
supports  a  number  of  long  thread-like  appendages,  the  broadened  apices  of  which 
unite  to  form  an  almost  complete  distal  ring.  At  present  the  significance  and 
constancy  of  such  features  cannot  be  estimated.  C.  capricornwn  is  one  of  the  most 
frequent  forms  in  the  greensand  and  higher  deposits  in  the  Browns  Creek  section. 

Genus  Hystrichokolpoma  Klumpp 
Hystrichokolpoma  rigaudae  Deflandre  &  Cookson  1955 
(PI.  13,  fig.  13,  14) 

Hystrichokolpoma  rigaudae  Deflandre  &  Cookson  1955,  p.  279,  PI.  6,  fig.  6,  10,  Fig.  42. 
Hystrichokolpoma  rigaudae  Deflandre  &  Cookson;  Maier  1959,  p.  311,  PI.  31,  fig.  2. 
Hystrichokolpoma  rigaudae  Deflandre  &  Cookson;  Gerlach  1961,  p.  183,  PI.  27;  fig.  8,  9. 
Hystrichokolpoma  rigaudae  Deflandre  &  Cookson;  Rossignol  1964,  p.  89,  PI.  2,  fig.  5,  PI.  3, 

fig.  8. 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  greensand, 
calcareous  clay  15  ft  above  greensand.  Carbonaceous  clay  about  40  ft  above  green¬ 
sand,  gritty  clay  45-50  ft  above  greensand. 

Comment:  This  species  was  originally  described  from  Victorian  deposits  that 
ranged  from  Upper  Paleocene  (Princetown  Member  of  Dilwyn  Clay)  to  Upper 
Eocene.  The  particularly  well-preserved  example  illustrated  herein  is  of  special 
interest  since  it  demonstrates  that  some,  at  least,  of  the  plate-like  areas  do  not 
represent  ‘the  bases  of  the  larger  processes  .  .  .  that  give  the  impression  of  plates’ 
(Deflandre  &  Cookson  1955,  p.  280).  Two  of  these  plate-like  areas  are  situated 
immediately  beneath  the  edge  of  the  archeopyle,  the  angular  character  of  which 
supports  the  inference  that  apical  plates  had  been  present  (PI.  13,  fig.  13).  Smaller 
areas  with  wavy  outlines  are  associated  with  small  equatorially-placed  processes 
(PL  13,  fig.  14). 

Acritarcha  Evitt 

Subgroup  Acanthomorphitae  Downie,  Evitt  &  Sarjeant 
Genus  Baltisphaeridium  Eisenack 
Baltisphaeridium  sp. 

(PL  14,  fig.  14) 

Age  and  Occurrence:  Upper  Eocene:  Browns  Creek  Clays,  SW.  Victoria, 
calcareous  clay  15  ft  above  greensand. 
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Description:  Shell  relatively  small,  spherical  with  numerous  fine,  unbranched 
appendages  of  variable  number  and  size,  their  length  not  exceeding  that  of  the 
radius  of  the  shell.  In  one  example  P24108  a  small  circular  opening  c.  6  ^  in 
diameter  is  clearly  outlined. 

Dimensions:  Figured  specimen,  overall  diameter  c.  62  p..  Range — overall 
diameter  c.  62-72  /*,  diameter  of  shell  c.  41-48  p;  appendages  c.  10-15  p. 

Comment:  This  form  seems  to  be  closest  to  the  Victorian  Tertiary  species 
B.  machaeophorum  (Deflandre  &  Cookson),  especially  when  taken  in  the  broad 
sense  adopted  by  certain  authors  (Brosius  1963,  PI.  7,  fig.  5;  Rossignol  1964,  PI.  3, 
fig.  20)  in  neither  of  whose  figures  do  the  appendages  appear  to  be  ‘dagger’-like  as 
in  the  original  description. 

The  occurrence  of  a  small  circular  opening  similar  to  the  one  occurring  in 
Baltisphaeridium  nanum  Cookson  (1965,  PI.  10,  fig.  9)  is  of  special  interest. 
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Plate  11 

1-5 _ peridinium  eocenicum  n.sp.  Browns  Creek  greensand,  1,  2,  ventral  and  dorsal 

surfaces  of  holotype  X  c.  800;  3,  dorsal  surface  of  another  example  showing 
archeopyle  X  c.  800;  4,  5,  ventral  and  dorsal  surfaces  of  paratype,  P24086  X  c.  800. 

<>,  7 _ oeflcindrea  leptodermata  n.sp.  6,  holotype.  Browns  Ck,  carbonaceous  clay  25  ft 

below  greensand  X  c.  600;  7,  paratype,  P24094,  greensand  X  c.  600. 

8,  9 _ peflandrea  granulosa  n.sp.  Browns  Ck,  gritty  clay  45-50  ft  above  greensand,  8, 

holotype  X  c.  600;  9,  paratype,  P24096  X  c.  500. 

10  _ Deftendrea  cf.  heterophlycta  Deflandre  &  Cookson.  Browns  Ck,  calcareous  clay 

15  ft  above  greensand  X  c.  600. 

1 1  _ Deflandrea  phosphoritica  Eisenack.  Browns  Ck,  carbonaceous  clay  40  ft  above  green¬ 

sand  X  c.  400. 

Plate  12 

1-4 _ Deflandrea  heterophlycta  Deflandre  &  Cookson.  Castle  Cove,  Victoria,  1,  2,  ventral 

and  dorsal  surfaces  of  the  same  example  X  c.  600;  3,  4,  ventral  and  dorsal  surfaces 
of  a  free  capsule  X  c.  600. 

5-7 _ Leptodinium  dispertitum  n.sp.  Browns  Ck,  carbonaceous  clay  25  ft  below  green¬ 

sand;  5,  6,  ventral  and  dorsal  surfaces  of  holotype  X  c.  600;  7,  ventral  surface  of 
paratype  P24098  X  c.  600. 

9 _ Leptodinium  victorianum  n.sp.  Browns  Ck  greensand,  ventral  and  dorsal  surface  of 

holotype  X  c.  600. 

20-13 _ Leptodinium  elegans  n.sp.  Browns  Ck,  calcareous  clay  15  ft  above  greensand;  10, 

12,  dorsal  and  ventral  surfaces  of  holotype  X  c.  400;  11,  13,  dorsal  and  ventral 
surfaces  respectively  of  two  additional  examples  X  c.  400. 


Plate  13 

Fig.  1-8 _ Eisenackia  ornata  n.sp.  Browns  Ck,  carbonaceous  clay  25  ft  below  greensand; 

1,  2,  ventral  and  dorsal  surfaces  of  holotype  X  c.  500;  3,  5,  ventral  surfaces  of  two 
examples  from  greensand  X  c.  600;  4,  apical  view  after  removal  of  operculum  of  a 
specimen  from  greensand  X  c.  500;  6,  dorsal  surface  of  example  from  carbonaceous 
clay  25  ft  below  greensand  X  c.  600;  7,  detached  operculum  X  c.  600;  8,  ledge  of 
a  field  X  c.  1000. 

Fig.  9-12 _ Schematophora  speciosa  Deflandre  &  Cookson.  9,  10,  ventral  and  dorsal  surfaces 

of  refigured  paratype,  PI 6298  (Deflandre  &  Cookson  PI.  6,  fig.  13)  X  c.  800; 
11,  12,  ventral  and  dorsal  surfaces  of  an  example  from  Browns  Ck,  calcareous  clay 
15*  ft  above  greensand  X  c.  900. 

Fig.  23,  14 _ Hystrichokolpoma  rigaudae  Deflandre  &  Cookson.  Browns  Ck,  carbonaceous 

clay  40  ft  above  greensand,  two  views  of  the  same  specimen  X  c.  600. 

Fig.  15 gcriniodinium  australiense  (Deflandre  &  Cookson).  Browns  Ck,  carbonaceous  clay 
25  ft  below  greensand  X  c.  600. 

Plate  14 

Fig.  1-3 _ Systematophora  ancyrea  n.sp.  Browns  Creek  greensand.  1,  holotype  X  c.  600; 

2,  3  X  c.  600. 

Fig.  4-9,  15 L-Hemiplacophora  semilunifera  n.sp.  Browns  Ck,  carbonaceous  clay  c.  40  ft  above 
greensand.  4,  5,  ventral  and  dorsal  surfaces  of  holotype  X  c.  600;  6,  7,  ventral 
and  dorsal  surfaces  of  paratype  X  c.  600;  8,  9,  ventral  and  dorsal  surfaces  of  another 
example  X  c .  800;  16,  operculum  X  c.  600,  P24177. 

Fig.  10 _ Stephodinium  spiniferum  n.sp.  Browns  Ck,  carboniferous  clay  c.  40  ft  above  green¬ 

sand.  Holotype  X  c.  800. 

Fig.  11-13 _ Aireiana  verrucosa  n.sp.  Browns  Ck,  calcareous  clay  15  ft  above  greensand. 

11,  12,  holotype  X  c.  400;  13,  a  surface  ornament  X  c.  400. 

Fig.  14 _ Baltisphaeridium  sp.  Browns  Ck,  calcareous  clay  X  c.  600. 

Fig.  15 _ Cannosphaeropsis  cf.  densiradiata.  Browns  Ck,  carbonaceous  clay  25  ft  below 

greensand  X  c.  600,  P24179. 

Plate  15 

Fig  1-9 _ Cordosphaeridium  capricornum  n.sp.  Browns  Ck,  carbonaceous  clay  40  ft  above 

greensand.  1-7,  X  c.  600;  2,  3,  paratype  P24176;  7,  holotype;  8,  portion  of  shell 
showing  details  of  appendages  X  c.  600;  9,  operculum  X  c.  600. 

Fig.  10-15 Samlandia  reticulifera  n.sp.  Browns  Creek  greensand.  10,  holotype  X  c.  400; 

11,  X  c.  600;  12,  paratype  P24175  X  c.  400;  13,  14,  two  opercula  X  c.  800; 
15,  optical  section  of  wall  X  c.  800. 
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MICROPLANKTON  FROM  THE  DARTMOOR  FORMATION, 

SW.  VICTORIA 

By  Isabel  C.  Cookson 
Botany  Department,  University  of  Melbourne 

and  A.  Eisenack 
University  of  Tubingen 

Abstract 

One  new  genus  and  6  new  species  of  microplankton  from  the  Paleocene  Dartmoor 
Formation  in  SW.  Victoria  are  described. 

Introduction 

The  present  paper  is  concerned  with  a  small  but  characteristic  microplankton 
assemblage  recovered  from  a  sample  of  carbonaceous  mudstone.  This  sample  was 
collected  by  Mr  P.  R.  Kenley  (Mines  Department  of  Victoria)  from  the  N.  bank 
of  the  Glenelg  R.,  SE.  corner  of  the  Parish  of  Drajurk,  9  miles  SW.  of  Casterton, 
SW.  Victoria. 

Stratigraphically  the  sample  is  near  the  base  of  the  Dartmoor  Formation  and 
contains  Paleocene  Foraminifera  (unpublished  determination  by  D.  J.  Taylor, 
Mines  Department  of  Victoria).  The  Dartmoor  Formation  overlies  the  Paleocene 
Bahgallah  Formation,  which  is  rock  and  time  equivalent  of  the  Pebble  Point 
Formation  exposed  near  Princetown,  which  is  some  120  miles  E.  of  Casterton. 
Directly  above  the  Pebble  Point  Formation  is  the  Dilwyn  Clay  with  the  Rivernook 
Member  near  its  base.  Therefore,  it  can  be  assumed  that  the  Dartmoor  Formation 
sample  is  from  an  equivalent  statigraphic  position  to  the  Rivernook  Member.  It  is 
of  interest  that  the  new  species,  Baltisphaeridium  taylori,  is  here  described  from 
both  the  Dartmoor  Formation  sample  and  a  Rivernook  Member  sample  (‘River¬ 
nook  sample  A’  of  D.  J.  Taylor  in  manuscript). 

Systematic  Descriptions 

Class  Dinophyceae 
Family  Deflandreaceae  Eisenack 
Genus  Deflandrea  Eisenack  1938 
Deflandrea  dartmooria  n.sp. 

(Fig.  1;  PI.  16,  fig.  1,  2;  holotype,  P24080) 

Age  and  Occurrence:  Paleocene:  Dartmoor  Formation  sample. 

Description:  Shells  rather  flat,  nearly  twice  as  long  as  broad  and  well 
tabulated,  the  surfaces  of  the  plates  ornamented  with  small  dot-like  thickenings. 
Epitheca  longer  than  hypotheca,  triangular  in  outline  gradually  narrowing  to 
a  well-developed,  bluntly-pointed  horn.  Hypotheca  with  almost  parallel  sides,  a 
concave  base  and  two  well-developed  pointed  horns.  Girdle  distinct,  slightly 
helicoid  with  finely  denticulate  edges.  Longitudinal  furrow  broad,  nearly  straight¬ 
sided,  its  borders  sometimes  extending  almost  to  the  tips  of  the  antapical  horns. 
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In  the  middle  of  the  furrow  the  concavo-convex  thickening  in  the  vicinity  of  the 
flagella-pore,  noted  as  occurring  in  three  other  Australian  species  of  Dinophyceae 
(Cookson  &  Eisenack  1965),  is  always  conspicuous. 

The  tabulation,  although  always  present,  is  not  completely  identifiable.  The 
apical  hom  appears  to  be  formed  by  four  long  apical  plates  beneath  which  are 
intercalary  plates  of  which  the  largest,  2a,  forms  the  hexagonal,  precingular 
archeopyle.  The  precingular  plates  number  six  or  possibly  seven  with  4"  a  broad 
plate  in  the  middle  of  the  dorsal  surface.  The  postcingular  plates  are  five  or  possibly 
six  with  3"'  strongly  developed.  The  antapical  plates  1""  and  2""  are  restricted  to 
the  lower  halves  of  the  antapical  horns.  Thus  the  approximation  arrived  at  is 
4',  4a,  6  (or  7)",  5  (or  6)"',  2""  (Fig.  1).  The  sutures  are  made  by  clean  breaks, 
fine  lines  on  the  ventral  surface  of  the  epitheca,  or  by  small  dot-like  thickenings 
as  at  the  borders  of  the  antapical  horns. 

Dimensions:  Holotype — c.  152  p  long,  80  p  broad;  capsule  c.  62  X  68  p. 
Range — c.  119-152  p  long,  c.  79-95  p  broad. 


Fig.  1 — Deflandrea  dartmooria  Cookson  &  Eisenack. 
Dartmoor  Formation,  Victoria.  Ventral  and  dorsal 
surfaces  X  c.  400. 


Genus  Wetzeliella  Eisenack  1938 
Wetzeliella  hyperacantha  n.sp. 

(PI.  16,  fig.  3-6;  holotype  fig.  5,  P24087) 

Age  and  Occurrence:  Paleocene:  Dartmoor  Formation  sample. 

Description:  Shell  flat  with  approximately  straight  to  convex  sides  and  well- 
developed  apical,  antapical  and  lateral  projections  or  horns,  the  lateral  being  the 
most  conspicuous.  The  wall  of  shell  thin  and  well-covered  with  simple  or 
occasionally  branched  appendages,  the  apices  of  which  are  bluntly  pointed,  capitate 
or  slightly  bifurcate.  The  apical  horn  is  short  and  blunt  with  2  or  3  divergent, 
branched  or  unbranched  appendages  at  its  apex.  The  antapical  horn  varies  in 
length  but,  as  in  the  holotype  (PI.  16,  fig.  5),  is  usually  long  and  narrowed  to  a 
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blunt  tip.  The  lateral  horns  are  covered  with  appendages  similar  to  those  on  the 
general  surface. 

The  capsule  is  circular  to  oval  in  outline  and  practically  fills  the  shell.  The 
archeopyle,  which  develops  just  below  the  apex,  is  small  and  rounded  to  slightly 
angular  in  outline. 

Dimensions:  Holotype — c.  110  y  long,  c.  110  y  broad;  capsule  c.  69  x  64  y. 
Range — c.  80-110  y  long,  c.  85-110  /x  broad;  capsule  c.  50-69  /x  long,  c.  56-69  y 
broad. 

Comment:  Of  the  previously  described  species  of  Wetzeliella ,  W.  hypera- 
cantha  approaches  most  closely  to  W.  symmetrica  Weiler  (1956).  The  main 
features  which  distinguish  it  from  this  species  are  its  consistently  smaller  size,  the 
greater  prominence  of  the  lateral  horns,  the  smaller  and  more  numerous  append¬ 
ages,  and  the  shape  of  the  archeopyle. 

Family  Hystrichosphaeridiaceae 
Genus  Cordosphaeridium  Eisenack  1963 
Cordosphaeriditim  bipolare  n.sp. 

(PI.  16,  fig.  7,  8;  holotype  fig.  8,  P24081) 

Age  and  Occurrence:  Paleocene:  Dartmoor  Formation  sample. 

Description:  Shell  typically  oval,  well-covered  with  narrow,  solid,  unbranched 
appendages  of  varying  length  and  width.  Usually  the  appendages  narrow  somewhat 
from  broadish  bases  to  widen  distally  to  shallow  funnel-shaped  apices,  the  recurved 
edges  of  which  may  bear  minute  hair-like  branches.  In  the  larger  appendages  fine, 
longitudinal  fibrils  may  be  seen.  The  shell  is  bipolar,  being  characterized  by  the 
development  of  a  distinctive  apical  and  antapical  appendage.  The  apical  appendage 
is  relatively  short  and  broad,  solid,  densely  granular  and  with  a  bluntish  tip.  It  may 
be  simple  or  with  one  or  two  short,  slender,  lateral  branches.  In  the  type  specimen 
(PI.  16,  fig.  8)  it  appears  to  be  connected  with  three  broad,  flattened,  longitudinally 
striated'  appendages.  The  antapical  appendage  is  longer  than  the  neighbouring  ones, 
unstriated;  unbranched  with  approximately  straight  sides  and  a  pointed  tip. 

The  surface  of  the  shell  is  densely  granular  with  a  linear  arrangement  evident 
near  the  bases  of  the  appendages.  A  large  archeopyle  extends  from  close  to  the 
apical  pole  to  the  equatorial  region  of  one  surface. 

Dimensions:  Holotype — overall  length  c.  128  y ,  overall  width  c.  90  /x;  shell 
c.  80  X  62  /x;  apical  appendage  c.  11  y  long,  antapical  appendage  c.  29  y  long. 
Range — overall  length  c.  124-128  y,  overall  width  c.  88-98  /x;  shell  c.  80-90  y  X 
c.  57-70  y\  apical  appendage  c.  12-17  y  long,  antapical  appendage  c.  20-33  y  long. 

Comment:  C.  bipolare  agrees  closely  with  C.  axiale  Eisenack  (1965)  from 
an  Upper  Eocene  deposit  in  East  Prussia.  It  differs,  however,  from  this  species  in 
the  constant  development  of  a  prominent  antapical  appendage  and  in  the  shape 
and  size  of  the  apical  appendage. 

Family  Uncertain 
Genus  Kenleyia  n.gen. 

Description:  Shell  small,  apparently  untabulated,  oval  to  almost  circular  in 
outline,  usually  equally  divided  by  a  more  or  less  clearly  defined  girdle  and  with 
one  to  three  solid  projections  at  and  adjacent  to  both  apex  and  antapex  of  which, 
when  all  three  are  present,  the  middle  one  is  the  most  prominent. 
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Shell  wall  2-layered,  the  inner  layer  thin  and  homogeneous,  the  outer  of  variable 
width  and  construction,  from  densely  or  loosely  granular  to  finely  lace-like  or 
fibrillose.  The  apical  and  antapical  projections  or  horns,  and  those  indicating  the 
lateral  position  of  the  girdle,  when  evident,  are  derived  from  this  layer.  The 
archeopyle  is  large  and  extends  from  just  behind  the  apex  of  the  dorsal  surface  to 
the  girdle. 

Comment:  The  simple  forms  of  this  genus  show  a  certain  similarity  in  shape 
to  that  of  species  of  Gonyaulax.  The  genus  has  been  named  after  Mr  P.  R.  Kenley, 
Mines  Department  of  Victoria,  who  kindly  donated  the  Dartmoor  Formation 
sample  upon  which  the  present  study  has  been  based  and  in  which  this  genus  is 
so  well  represented. 

Genotype:  Kenleyia  pachycerata  n.sp. 

Kenleyia  pachycerata  n.sp. 

(PI.  17,  fig.  1-3;  holotype  fig.  3,  P24089) 

Age  and  Occurrence:  Dartmoor  Formation  sample. 

Description:  Shell  oval  or  nearly  circular  in  outline,  usually  flattened;  apical 
and  antapical  horns  and  the  two  smaller  projections,  one  on  either  side  of  them, 
short,  broadish  and  blunt.  Girdle  frequently  clearly  outlined.  Wall  of  shell  thick] 
the  outer  layer  closely  granular.  Archeopyle  prominent  in  favourably  presented 
examples,  trapezoid. 

Dimensions:  Holotype — overall  length  c.  94  /x,  overall  width  c.  90  f±;  shell 
c.  80  X  76  /x.  Range — overall  length  c.  85-102  /x,  overall  width  c.  70-76  /x. 

Kenleyia  leptocerata  n.sp. 

(PI.  17,  fig.  5,  6;  holotype,  P24088) 

Age  and  Occurrence:  Dartmoor  Formation  sample. 

Description:  Shell  oval,  thin-walled,  outer  layer  finely  granular,  girdle 
equatorial  bordered  by  low,  fibrillose  ledges;  apical  horn  short,  broadish  and  blunt, 
antapical  horn  longer,  tapering  from  base  to  apex,  tip  frequently  upwardly  curved! 
Accessory  apical  outgrowths  clear  in  the  holotype  (PI.  17,  fig.  6)  more  often  poorly 
developed  or  fibrillose  as  also  are  those  of  the  antapex;  fibrillose  outgrowths  may  be 
present  on  other  portions  of  the  shell.  Archeopyle  large,  trapezoid,  straight-sided, 
extending  from  just  behind  the  apex  almost  to  the  girdle. 

Dimensions:  Holotype — overall  length  c.  102  /x,  overall  width  c.  76  shell 
c.  78  X  62  /x.  Range — overall  length  c.  100-112  /x,  overall  width  c.  76-85  shell 
c.  70-82  /x  X  62-75  /x;  antapical  horn  c.  22  /x  long. 

Kenleyia  lophophora  n.sp. 

(PI.  17,  fig.  7-10;  holotype  fig.  8,  P24092) 

Age  and  Occurrence:  Dartmoor  Formation  sample. 

Description:  Shell  oval  to  almost  circular  in  outline  with  apical  and  antapical 
horns,  an  equatorial  girdle  and  large  archeopyle.  Shell  wall  2-layered,  the  outer 
layer  varying  both  in  extent  and  structure,  being  either  shortly  fibrillose  with 
dz  well-developed  tuft-like  prominences,  especially  on  either  side  of  the  apical 
and  antapical  horns  and  lateral  limits  of  the  girdle  (PI.  17,  fig.  8),  or  in  the 
form  of  lace-like  expansions  of  varying  widths  (PI.  17,  fig.  10).  The  apical  horn 
narrows  distally  to  a  blunt  tip;  the  antapical  horn,  which  is  longer,  is  usually 
straight-sided  with  a  blunt  tip. 
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Dimensions:  Holotype — overall  length  c.  117  p,  overall  width  c.  100  p ;  shell 
c.  68  X  72  p.  Range — overall  length  c.  100-108  p,  overall  width  c.  62-72  p; 
antapical  horn  c.  22  p. 

Incertae  Sedis 
Acritarcha  Evitt 

Subgroup  Acanthomorphitae  Downie,  Evitt  &  Sarjeant 
Genus  Baltisphaeridium  Eisenack  1958 
Baltisphaeridium  taylori  n.sp. 

(PI.  16,  fig.  9-11;  holotype  fig.  10,  P24083) 

Age  and  Occurrence:  Paleocene:  Base  of  Rivemook  Member  of  Dilwyn 
Clay,  SW.  Victoria.  Dartmoor  Formation  sample. 

Description:  Shell  typically  circular  in  outline,  frequently  oval  as  result  of 
distortion,  relatively  thick-walled  with  short,  well-spaced,  broadly-based,  solid 
appendages  which  narrow  towards  bluntish  or  pointed  apices.  The  appendages 
are  straight  or  variously  curved.  The  wall  of  the  shell  is  granular  and  appears  to 
be  2-layered  since  the  granules  are  slightly  elongate  and  closely  and  vertically 
arranged  on  the  thin  homogeneous  shell  wall. 

Dimensions:  Holotype — overall  c.  63  X  58  p;  shell  c.  50  X  48  p\  appendages 
c.  8  p  long;  wall  c.  1*5-1  *8  p  thick.  Range — overall  c.  50-67  p\  shell  c.  36-50  p\ 
appendages  c.  5-9  p  long. 

Comment:  B.  taylori  differs  from  the  Cretaceous  species  B.  granulosum 
(Deflandre  1937)  in  the  shape  of  the  shell  and  length  and  shape  of  the  append¬ 
ages.  The  species  is  named  after  Mr  D.  J.  Taylor  of  the  Mines  Department  of 
Victoria. 
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Explanation  of  Plates 

Plate  16 

pig  2 — Deflandrea  dartmooria  n.sp.  ventral  and  dorsal  surfaces  of  holotype.  1,  ventral 

surface  X  c.  650;  2,  dorsal  surface  X  c.  450. 

Fig.  3_6 — Wetzeliella  hyperacantha  n.sp.  3,  paratype  P24088  X  c.  600;  4,  showing  archeopyle 
X  c.  600;  5,  holotype  X  c .  600;  6,  showing  apical  horn  and  arrangement  of  surface 
appendages  X  c.  500. 

Fig.  7,  8 — Cordosphaeridium  bipolare  n.sp.  X  c.  800.  7,  paratype  P24082;  8,  holotype. 

Fig.  9,  11 — Baltisphaeridium  taylori  n.sp.  X  c.  800.  9,  li,  from  Dartmoor  Formation. 

9,  paratype  P24084;  11,  portion  of  wall  of  another  specimen;  10,  holotype  from 

Rivernook  Member  of  Dilwyn  Clay. 

Plate  17 

pig>  i_4 — Kenleyia  pachycerata  n.sp.  1,  4  X  c.  500;  2,  paratype  P24090  X  c.  500;  3,  holotype 
X  c.  600. 

Fig.  5,  6 — Kenleyia  leptocerata  n.sp.  5,  paratype  P24091  X  c.  600;  6,  holotype  X  c.  500. 

Fig.  7,  10 — Kenleyia  lophophora  n.sp.  7,  X  c.  600;  8,  holotype  X  c.  500;  9,  X  c.  600; 

10,  paratype  P24174  X  c.  600. 
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MICROPLANKTON  FROM  THE  PALEOCENE  PEBBLE  POINT 
FORMATION,  SOUTH-WESTERN  VICTORIA 

Part  2 

By  Isabel  C.  Cookson 

Botany  Department,  University  of  Melbourne 

and  A.  Eisenack 

University  of  Tubingen 

Abstract 

Five  new  species,  namely  Deflandrea  pentaradiata,  Deflandrea  delineata,  Deflandrea 
dilwynensis,  Peridinium{l)  paleocenicum ,  and  Ginginodinium  tabulatum  are  described  from 
the  Pebble  Point  Formation.  The  occurrence  of  Rottnestia  borussica  Cookson  &  Eisenack, 
Eisenackia  crassitabulata  Deflandre  &  Cookson,  and  Epicephalopyxis  indentata  Deflandre  & 
Cookson  is  noted. 

Introduction 

In  Part  1  (Cookson  1965)  four  species  of  Dinophyceae,  obtained  from  samples 
of  the  Pebble  Point  Formation  on  the  SE.  side  of  Dilwyn  Bay,  SW.  Victoria,  taken 
at  4  and  6  ft  above  the  base  of  the  formation,  were  described. 

The  present  account  includes  descriptions  of  two  additional  species  from  the 
4  and  6  ft  levels  and,  in  addition,  several  species  from  a  sample  of  the  shell  bed 
in  the  Pebble  Point  Formation  taken  at  30  ft  above  the  base  of  the  formation. 
The  foraminiferal  fauna  of  the  shell  bed  has  been  described  by  McGowran  (1965), 
who  shows  it  to  be  of  middle  Paleocene  age. 

The  holotypes  and  paratypes  are  in  the  palaeontological  collection  of  the 
National  Museum  of  Victoria.  Numbers  prefaced  by  the  letter  P  are  registered 
numbers  in  that  collection. 


Systematic  Descriptions 

Class  Dinophyceae 
Family  Deflandreaceae 
Genus  Deflandrea  Eisenack 
Deflandrea  pentaradiata  n.sp. 

(PI.  18,  fig.  1-2;  holotype  fig.  1,  P24068) 

Age  and  Occurrence:  Paleocene:  Pebble  Point  Formation,  SW.  Victoria  at 
4  and  6  ft  above  the  base. 

Description:  Shell  rather  flat,  somewhat  longer  than  broad,  with  five  deeply 
concave  sides.  Apical  and  antapical  horns  strongly  developed;  apical  horn  bluntly 
pointed;  antapical  horns  parallel  to  or  divergent  from  one  another  and  sharply 
pointed.  Lateral  projections  broad  and  blunt  with  a  faintly  developed  notch  result¬ 
ing  from  the  girdle.  Wall  of  shell  thin,  smooth  or  with  fine  longitudinal  striae, 
especially  in  the  vicinity  of  the  girdle  (PI.  18,  fig.  2),  composed  of  dot-like  thicken- 
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ings.  Girdle  circular,  marked  by  two  low,  narrow  ridges.  Longitudinal  furrow 
relatively  broad,  bounded  by  zt  clearly  marked  curved  ledges.  In  the  mid-line  of 
the  ventral  surface  slightly  below  the  ends  of  the  girdle  a  curved  slit  (PI.  18,  fig.  1) 
with  thickened  edges  indicative  of  a  flagella-pore  is  evident  in  well-preserved 
specimens. 

The  capsule,  while  roughly  oval  in  outline,  tends  to  follow  the  outline  of  the 
shell  itself;  its  wall  is  unthickened  and  finely,  and  usually  faintly,  granular.  The 
archeopyle  is  trapezoidal  with  rounded  corners  and  extends  from  near  the  girdle 
to  beyond  the  base  of  the  apical  horn. 

Dimensions:  Holotype — overall  length  162  /*;  overall  width  128  /*;  capsule 
86  X  95  fx.  Range — overall  length  159-171  /*;  overall  width  116-130  /*;  capsule 
length  76-97  /i,  width  82-96  p. 

Dcflandrea  delineata  n.sp. 

(PI.  18,  fig.  3-5;  holotype  fig.  4,  5,  P24070;  Fig.  1) 

Age  and  Occurrence:  Paleocene:  Pebble  Point  Formation,  SW.  Victoria 
at  4  ft  above  the  base. 

Description:  Shell  rather  flat,  roughly  five-sided  in  outline,  longer  than  broad. 
Epitheca  somewhat  longer  than  the  hypotheca  with  a  prominent,  broadly-based, 
tapering  apical  horn.  The  short  antapical  horns,  which  are  equal  in  size,  are 
broadly-based,  sharply-pointed,  widely  separated  and  strongly  divergent.  Girdle 
circular,  indicated  laterally  by  shallow  concavities  on  both  sides  of  the  shell,  rather 
narrow  and  delimited  by  low  ledges  which,  on  the  ventral  surface,  curve  downwards 
to  pass  over  the  boundaries  of  the  longitudinal  furrow  in  which  the  thickening 
associated  with  the  flagella-pore  is  evident  (PI.  18,  fig.  3).  Wall  of  shell  thick, 
slightly  tabulated,  its  surface  variously  striated  as  the  result  of  the  longitudinal 


Fig.  1 — Deflandrea  delineata  Cookson  &  Eisenack.  Pebble  Point  Formation,  Victoria, 
4  ft  from  base.  Ventral  and  dorsal  surfaces  X  c.  500 
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arrangement  of  the  small  dot-like  to  elongate  surface  thickenings  (PI.  18,  fig.  3). 
The  degree  of  clearness  and  extent  of  the  tabulation  varies  considerably  in 
individual  specimens.  It  has  been  best  seen  in  the  holotype  (PI.  18,  fig.  4,  5; 
Fig.  1 ) .  On  the  dorsal  surface  of  this  specimen  3  plates,  numbered  as  in  Peridinium 
3"  4"  5"?  are  situated  between  the  girdle  and  archeopyle;  no  clear  tabulation  is 
evident  on  the  hypotheca  but  a  small  plate  2'"  seems  to  be  outlined  on  the  left- 
hand  side,  and  a  corresponding  one  4'"  on  the  right-hand  side  of  plate  3'".  On 
the  ventral  surface  of  the  epitheca  two  small  plates  (Fig.  la,  b)  and  a  large,  broad 
and  elongate  one  p',  situated  immediately  above  them,  are  clearly  outlined. 

Capsule  circular  or  ellipsoidal  in  outline  with  the  long  axis  perpendicular  to  the 
long  axis  of  the  shell;  its  wall  varies  in  thickness  in  individual  specimens.  The 
archeopyle  is  broader  than  long  and  seems  to  correspond  with  plate  2a. 

Dimensions:  Holotype — overall  length  171  /x;  overall  width  105  /x;  capsule 
86  X  95  /x.  Range — overall  length  159-190  /x;  overall  width  116-130  /x;  capsule 
69-84  X  85-92  /x. 

Comment:  Of  the  previously  described  species  of  the  genus  Deflandrea,  the 
one  to  which  D.  delineata  seems  to  be  most  closely  related  is  D.  speciosa  Alberti 
(1959)  from  an  Upper  Paleocene  deposit  in  N.  Germany.  However,  the  presence 
of  a  distinct  form  of  tabulation,  the  stronger  development  of  the  girdle,  the 
characteristic  arrangement  of  the  ornament  of  the  shell  wall,  as  well  as  the  lack  of  the 
denticulate  ledges  mentioned  by  Alberti  as  present  in  the  German  species,  seem 
sufficient  justification  for  the  separation  herein  proposed. 

Deflandrea  dilwynensis  n.sp. 

(PI.  18,  fig.  6-9;  holotype  fig.  7,  8,  P24072) 

Age  and  Occurrence:  Paleocene:  Pebble  Point  Formation,  SW.  Victoria, 
shell  bed  at  30  ft  above  base  of  the  formation. 

Description:  Shell  small,  not  much  longer  than  broad.  Epitheca  longer  and 
broader  than  hypotheca  with  straight  or  more  usually  convex  sides  which  continue 
into  the  short,  blunt,  apical  horn,  the  tip  of  which  is  usually  concave.  Hypotheca 
with  slanting  sides  and  two  short,  widely  separated  horns;  the  one  on  the  left-hand 
side  is  clearly  defined,  short,  rather  broad  and  pointed,  the  right-hand  one  usually 
considerably  reduced.  The  wall  of  the  shell  thin,  faintly  dotted,  untabulated,  and 
usually  with  fine  longitudinal  folds.  Girdle  prominent,  rather  broad  and  slightly 
helicoid,  bordered  by  two  folds  indicated  laterally  by  deep  concavities.  Longi¬ 
tudinal  furrow  relatively  broad,  outlined  by  folds  which  extend  from  the  epitheca 
to  the  bases  of  the  antapical  horns. 

Capsule  relatively  large,  its  outline  following  that  of  the  shell  which  it  almost 
fills.  Archeopyle  large,  not  always  strongly  outlined,  trapezoidal,  with  either  a 
straight  or  slightly  convex  distal  edge  which  almost  reaches  the  upper  limit  of  the 
capsule. 

Dimensions:  Holotype — overall  length  74  /x;  overall  width  62  /x;  capsule 
5  X  47  /x.  Range — overall  length  56-76  overall  width  48-60  /x;  capsule  42-57  X 
42-52  fi. 

Deflandrea  bakeri  Defiandre  &  Cookson 

Comment:  Deflandrea  bakeri  is  a  constant  component  of  the  microplankton 
assemblages  preserved  in  the  samples  taken  at  4  and  6  ft  from  the  base  of  the 
Pebble  Point  Formation  on  the  SE.  side  of  Dilwyn  Bay,  Victoria. 
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Genus  Rottnestia  Cookson  &  Eisenack 
Rottnestia  borussica  (Eisenack) 

(PI.  19,  fig.  9,  10,  P24079) 

Hystrichosphaera  borussica  Eisenack  1954,  p.  62,  PI.  9,  fig.  5-7. 

Hystrichosphaera  borussica  Eisenack.  Deflandre  &  Cookson  1955,  p.  268,  PI.  5,  fig.  9,  10. 
Rottnestia  borussica  (Eisenack)  Cookson  &  Eisenack  1961,  p.  42,  PI.  1,  fig.  9,  10,  Fig.  la,  d. 

Age  and  Occurrence:  Paleocene:  Shell  bed,  Pebble  Point  Formation,  SW. 
side  of  Dilwyn  Bay,  Victoria,  30  ft  above  base  of  formation. 

Comment:  Four  specimens  referable  to  this  species,  in  the  broad  characteriza¬ 
tion  suggested  by  Cookson  &  Eisenack  (1961)  for  Tertiary  examples  from  Ger¬ 
many  (Eisenack  1954)  and  the  Rottnest  Is.  Bore,  Western  Australia  (Cookson  & 
Eisenack  1961),  have  been  recovered  from  the  sample  of  the  shell  bed  taken  at 
30  ft  above  the  base  of  the  formation.  In  them,  the  bifurcate  appendages  are  even 
more  numerous  than  in  the  examples  from  the  Rottnest  Bore. 

More  specimens  of  the  Victorian  Miocene  form,  tentatively  referred  by 
Deflandre  &  Cookson  (1955)  to  Hystrichosphaera  borussica  Eisenack,  will  be 
needed  for  a  reliable  association  with  the  Pebble  Point  examples. 

We  are  retaining  the  genus  Rottnestia  as  characterized  by  Cookson  &  Eisenack 
(1961)  in  spite  of  its  disallowance  by  Norris  &  Sarjeant  (1965)  (cf.  Eisenack 
1964,  and  1965). 


Family  Peridiniaceae 
Genus  Peridinium  Ehrenberg 
Peridinium  (?)  paleocenicum  n.sp. 

(PI.  19,  fig.  1-4;  holotype  fig.  2,  3,  P24074;  Fig.  2) 

Age  and  Occurrence:  Paleocene:  Shell  bed  in  Pebble  Point  Formation,  SW. 
side  of  Dilwyn  Bay,  Victoria,  30  ft  above  the  base  of  the  formation. 

Description:  Shell  relatively  small  with  strongly  convex  sides,  the  main  body 
being  almost  spherical  in  outline.  Epitheca  with  a  short,  median  apical  horn  of 
varying  length  and  a  truncate  apex.  Hypotheca  with  two  broadly-based,  short,  blunt 
horns  of  slightly  unequal  lengths,  the  longer  being  on  the  left-hand  side.  Girdle 
equatorial,  circular  to  slightly  helicoid,  broad  and  shallow  with  low  but  rather 
prominent  borders.  Wall  of  shell  thin,  usually  conspicuously  granular  to  verrucose 
in  surface  view;  the  individual  thickenings  vary  considerably  in  size  and  shape  and 
are  frequently  longitudinally  arranged,  especially  in  and  near  the  girdle. 

The  tabulation  is  not  equally  distinct  in  all  specimens  but,  on  the  whole,  is 
comparable  with  that  of  Peridinium.  When,  as  in  the  type,  it  is  well  authenticated 
(Fig.  2)  the  rhombic  plate  T,  with  a  straight  upper  edge  adjacent  to  the  upper 
limit  of  the  longitudinal  furrow,  does  not  reach  the  apex.  Plates  1"  and  7"  are 
generally  recognizable;  the  number  and  arrangement  of  the  antapical  plates  of  the 
ventral  surface  is  not  clear. 

On  the  dorsal  surface,  plates  3",  4",  5",  and  6"  are  evident  in  some  specimens, 
as  well  as  plates  2"',  3'",  6'",  and  1""  and  2""  (Fig.  2),  while  less  ornamented 
intercalary  plates  are  sometimes  recognizable. 

Dimensions:  Holotype — overall  length  74  /*;  overall  width  67  p.  Range — 
overall  length  63-86  /a;  overall  width  52-76  /x. 

Comment:  The  queried  reference  of  this  species  to  Peridinium  has  been 
adopted  on  account  of  the  varying  degrees  of  tabulation  in  individual  specimens 
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Fig.  2 — Peridinium  (?)  paleocenicum  Cookson  &  Eisenack.  Pebble  Point  Formation 
30  ft  from  base.  Ventral  and  dorsal  surfaces  X  c.  700. 

and  the  fact  that  a  complete  tabulation  has  not  been  observed.  P.  (?)  paleocenicum 
is  relatively  common  in  the  shell  bed  of  the  Pebble  Point  Formation. 

Family  Uncertain 

Genus  Ginginodinium  Cookson  &  Eisenack 
Comment:  The  species  to  be  described  below  under  the  name  Ginginodinium 
tabulatum,  while  agreeing  with  the  mid-Cretaceous  genotype  G.  spinulosum 
Cookson  &  Eisenack  1960  in  general  features,  differs  from  it  in  the  possession  of 
a  distinct  and  characteristic  form  of  tabulation.  We  propose,  therefore,  following 
the  custom,  adopted  for  the  genus  Deflandrea ,  to  enlarge  the  genus  Ginginodinium 
to  include  forms  with  or  without  tabulation. 

Ginginodinium  tabulatum  n.sp. 

(PI.  19,  fig.  5-8;  holotype  fig.  6,  7,  P24076;  Fig.  3) 

Age  and  Occurrence:  Paleocene:  Shell  bed  in  Pebble  Point  Formation, 
SW.  side  of  Dilwyn  Bay,  Victoria,  30  ft  above  the  base  of  the  formation. 

Description:  Shell  thin-walled,  divided  almost  equally  by  a  well-marked, 
slightly  helicoid  girdle.  Epitheca  triangular  with  straight  or  slightly  convex  sides 
which  narrow  towards  a  short,  blunt  and  hollow  apical  horn  with  a  small  terminal 
plug.  Hypotheca  trapezoidal  with  two  short,  blunt  antapical  horns.  The  longi¬ 
tudinal  furrow  is  relatively  broad  and  the  curved  thickening  around  the  flagellum- 
pore  is  evident  in  most  specimens  (PI.  19,  fig.  5,  6).  The  surface  of  the  shell  is 
dotted  with  minute  spinules,  some  of  which  are  so  arranged  as  to  outline  the 
plates. 

The  tabulation  (Fig.  3),  while  evident  in  all  examples,  is  frequently  difficult  to 
assess  with  certainty  since  the  shells  are  flattened  and  the  intercalary  plates  are  not 
always  clear.  On  the  ventral  surface  of  the  epitheca  in  favourable  specimens  a 
long,  narrow  plate  with  slanting  sides  (Fig.  3,  a)  extends  from  the  ends  of  the 
girdle  to  about  three-quarters  of  the  length  of  the  epitheca.  Adjacent  to  plate  1 
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some  of  the  plates  of  the  precingular  circle  (la,  2a,  ?  4a)  are  recognizable.  The 
horn  is  without  sutures  but  is  clearly  separated  from  the  circle  of  intercalary  plates 
between  which  are  smooth  intercalary  strips.  No  clear  sutures  have  been  observed 
on  the  ventral  surface  of  the  hypotheca. 


Fig.  3 — Ginginodinium  tabulatum  Cookson  &  Eisenack.  Pebble  Point  Formation 
30  ft  from  base.  Ventral  and  dorsal  surfaces  X  c.  1000. 

On  the  dorsal  surface  of  the  epitheca  three  plates  of  the  precingular  circle  and 
some  intercalary  plates  (?  2a,  3a,  ?  4a)  are  indicated;  the  horn  is  undivided.  In  the 
hypotheca  three  postcingular  plates  and  the  two  antapical  plates  forming  the 
antapical  horns,  separated  by  smooth  intercalary  areas,  are  clearly  defined. 

With  the  exception  of  the  shape  of  plate  1  which  is  distinct  from  that  of  the 
rhombic  plate  of  Peridinium  the  tabulation  of  Ginginodinium  tabulatum,  X1  ?  4a 
6"  or  7",  5'"  or  6"',  2"",  approaches  that  of  Peridinium . 

Dimensions:  Holotype — c.  65  x  58  /*.  Range — c.  58-67  ^  long,  c.  58-62  ^ 
broad. 


Family  Microdiniaceae 
Genus  Eisenackia  Deflandre  &  Cookson 
Eisenackia  crassitabulata  Deflandre  &  Cookson 
(PI.  19,  fig.  11-13) 


Eisenackia  crassitabulata  Deflandre  &  Cookson  1955,  p.  258,  PI.  5,  fig.  2,  Fig.  8-16. 

Comment:  Good  examples  of  the  Paleocone  species  Eisenackia  crassitabulata 
have  been  recovered  in  small  numbers  from  the  samples  taken  at  4  and  6  ft  from 
the  base  of  the  Pebble  Point  Formation,  SE.  side  of  Dilwyn  Bay.  This  form  appears 
to  be  absent  from  the  shell  bed  at  30  ft  from  the  base  of  the  formation.  The 
figured  specimens  clearly  demonstrate  the  distinctive  features  of  the  dorsal  and 
ventral  surfaces  and  the  reticulate  surface  pattern  of  this  form. 
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Class  Uncertain 

Genus  Epicephalopyxis  Deflandre 
Epicephalopyxis  indentata  Deflandre  &  Cookson 
Epicephalopyxis  indentata  Deflandre  &  Cookson  1956,  p.  292,  PI.  9,  fig.  5-7,  Fig.  56. 

Comments:  This  little-known  but  readily  recognizable  form  occurs  in  high 
frequencies  in  the  samples  of  the  Pebble  Point  Formation  at  4,  6,  and  30  ft  above 
the  base.  It  has  not  been  given  detailed  examination  during  the  present  investi¬ 
gation. 
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Explanation  of  Plates 

All  figures  are  of  specimens  from  Pebble  Point  Formation,  SE.  side  of 
Dilwyn  Bay,  Victoria. 

Plate  18 

Fig.  1,  2 — Deflandrea  pentaradiata  n.sp.  4  ft  above  base  of  formation.  1,  ventral  surface  of 
holotype  X  c.  400;  2,  dorsal  surface  of  paratype  P24069  X  c.  400. 

Fig.  3-5 — Deflandrea  delineata  n.sp.  4  ft  above  base  of  formation.  3,  dorsal  surface  of  paratype 
P24071  X  c.  400;  4,  5,  ventral  and  dorsal  surfaces  of  holotype  X  c.  600. 

Fig.  6-9 — Deflandrea  dilwynensis  n.sp.  30  ft  above  base  of  formation.  6,  dorsal  surface  X 
c.  800;  7,  8,  ventral  and  dorsal  surfaces  of  holotype  X  c.  800;  9,  dorsal  surface 
of  paratype  P24073  X  c.  800. 

Plate  19 

Fig.  1-4 — Peridinium  (?)  paleocenicum  n.sp.  30  ft  above  base  of  formation.  1,  ventral  surface 
of  paratype  P24075  X  c.  600;  2,  3,  ventral  and  dorsal  surfaces  of  holotype  X 
c.  600;  4,  dorsal  surface  of  a  small  example  with  the  operculum  of  archeopyle  still 
in  position  X  c.  600. 
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Fig.  5-8 — Ginginodinium  tabulatum  n.sp.  30  ft  above  base  of  formation.  5,  dorsal  surface 
X  c.  600;  6,  7,  ventral  and  dorsal  surfaces  of  holotype  X  c.  600;  8,  ventral  surface 
of  paratype  P24077  X  c.  1000. 

Fig.  9,  10 — Rottnestia  borussica  (Eisenack).  30  ft  above  base  of  formation.  Dorsal  and 
ventral  surfaces  of  the  same  specimen  P24079  X  600. 

Fig.  11-13 — Eisenackia  crassitabulata  Deflandre  &  Cookson.  11,  ventral  surface  P24078  X 
c.  800;  12,  dorsal  surface  of  another  example  X  c.  800;  13,  surface  reticulum 
X  c.  1350. 
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DESCRIPTION  OF  A  FOSSIL  HUMERUS  (MARSUPIALIA)  FROM  THE 
LOWER  PLIOCENE  OF  VICTORIA,  AUSTRALIA 

By  J.  W.  Warren 

Department  of  Zoology  and  Comparative  Physiology, 

Monash  University 

Abstract 

A  description  is  given  of  a  fossil  humerus  from  the  Lower  Pliocene  of  E.  Victoria  that 
most  probably  represents  a  Tertiary  marsupial  as  yet  undiscovered.  The  bone  possesses  some 
features  in  common  with  the  extant  American  opossum  Didelphis.  These  are  interpreted  as 
indicating  a  generalized  or  primitive  condition  rather  than  a  direct  relationship  with  thp 
Didelphoidea. 

Introduction 

The  fossil  bone  described  in  this  paper  was  collected  from  the  Upper  Shell 
Bed  of  the  Jemmy’s  Point  Formation  where  it  is  exposed  on  the  SW.  side  of 
Bunga  Ck  Rd  Cutting  on  the  Princes  Highway,  Victoria.  It  was  collected  by 
Mr  Edmund  Gill  and  I  am  indebted  to  him  for  allowing  me  to  describe  it.  The 
Jemmy’s  Point  Formation  is  a  series  of  marine,  calcareous  sands  with  a  considerable 
degree  of  lithological  variety  (Wilkins  1963).  Wilkins  considers  the  Upper  Shell 
Bed  to  be  of  Lower  Pliocene  age  and  to  represent  the  top  of  the  Kalimnan  Stage. 
Besides  shelly  calcareous  silty  sands,  the  Upper  Shell  Bed  also  contains  rounded 
pebbles  and  particles  of  carbonaceous  material.  This  suggests  that  terrestrial 
material  was  occasionally  deposited  in  the  Upper  Shell  Bed,  so  the  occurrence  in 
this  marine  bed  of  a  portion  of  a  terrestrial  animal  should  cause  no  undue  surprise. 
In  fact,  from  Wilkins’s  descriptions  of  carbonaceous  fragments  in  a  number  of  the 
lithological  units  and  probable  lagoonal  beds,  it  would  seem  as  though  most  of  the 
Jemmy’s  Point  Formation  were  deposited  in  close  proximity  to  land. 

There  is  substantial  reason  to  believe  that  this  fossil  humerus  represents  a 
Lower  Pliocene  animal,  and  that  it  is  not  a  portion  of  a  recently  disarticulated 
skeleton  that  has  subsequently  come  to  lie  in  an  exposure  of  the  Upper  Shell  Bed. 
There  are  three  reasons  for  considering  that  the  bone  was  found  at  a  site  of 
primary  deposition:  ( 1 )  the  specimen  was  discovered  in  situ  and  covered  by  matrix, 
(2)  the  bone  exhibits  heavy  mineral  staining  and  pyrites  crystals  on  one  surface, 
indicating  considerable  time  since  deposition,  and  (3)  this  humerus  cannot  be 
assigned  to  any  living  species  of  Australian  mammal. 

Description 

The  specimen  is  a  left  humerus  with  both  proximal  and  distal  epiphyses  missing. 
The  loss  of  the  epiphyses  has  resulted  in  some  weathering  at  each  end  of  the 
diaphysis.  However,  in  general,  the  remaining  bone  is  in  a  good  state  of  preserva¬ 
tion  and  the  surface  bone  shows  no  sign  of  deep  weathering.  The  shank,  or 
diaphysis,  is  60-3  mm  long.  The  shaft  is  6  8  mm  in  diameter  at  the  distal  termina¬ 
tion  of  the  deltoid  crest. 

The  deltoid  crest  is  low  and  extends  half  way  down  the  shaft.  The  bicipital 
groove  is  shallow  and  exhibits  at  its  distal  end  the  clearly  delineated  muscle  scars 
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of  the  latissimus  dorsi  and  teres  major.  The  distal  portion  of  the  diaphysis  is 
expanded  at  right  angles  to  the  plane  of  the  deltoid  crest.  There  is  an  entepicondylar 
foramen.  The  supinator  crest  is  well  developed,  although  it  should  be  noted  that 
some  living  Australian  marsupials  possess  a  relatively  larger  crest.  This  point  will 
be  discussed  later.  The  distal  portion  of  the  supinator  crest  and  also  the  ectepi- 
condylar  process  have  been  broken  off.  The  distal  expanse  of  bone  between  the 
entepicondylar  foramen  and  the  supinator  crest  is  convex  and  devoid  of  muscle 
scars  and  depressions  on  its  anterior  surface.  On  the  posterior  surface,  close  to  the 
broken  margin,  there  is  a  slight  indication  of  the  olecranon  fossa. 

Discussion 

It  is  difficult  to  determine  the  proper  affinities  of  isolated  postcranial  elements. 
Comparative  skeletal  material  of  recent  animals  is  usually  not  available  since  it 
has  frequently  been  the  habit  of  collectors  to  preserve  only  the  skull  and  skin  of 
select  specimens.  Because  of  the  paucity  of  postcranial  material  in  collections,  it 
is  not  possible  to  discuss  the  range  of  variation  in  the  morphology  of  the  humeri 
of  Australian  marsupials.  With  the  material  available  to  me,  I  have  found  it  possible 
to  make  only  rather  general  comparisons  and  the  remarks  to  follow  should  be 
considered  somewhat  tentative. 

First,  there  is  little  in  the  anatomy  of  this  humerus  to  mark  it  as  belonging 
specifically  to  a  marsupial;  it  could  almost  as  well  belong  to  a  placental.  However, 
there  are  two  reasons  for  considering  that  it  most  probably  represents  a  marsupial: 
(1)  the  unlikelihood  of  a  terrestrial  placental  being  preserved  in  late  Tertiary 
deposits  in  Victoria,  and  (2)  the  loss  of  the  epiphyses  suggests  that  they  were 
loosely  attached  to  the  diaphysis,  a  feature  that  is  characteristic  of  marsupials  at 
all  stages  of  growth. 

There  are  no  other  fossil  humeri  described  from  Australia  with  which  this  fossil 
can  be  compared.  The  partially  complete  skeleton  of  the  Oligocene  diprotodont 
Wynyardia  bassiana  unfortunately  lacks  the  pectoral  girdle  and  forelimbs  (Spencer 
1900,  Wood-Jones  1930).  Also,  Wynyardia ,  although  approximately  equal  in  size 
to  the  living  Trichosurus  spp.,  possessed  bones  of  a  considerably  more  robust 
nature  than  Trichosurus.  The  fossil  under  consideration  here  is  not  more  robust 
than  its  counterpart  in  Trichosurus  and,  thus,  would  probably  be  too  slight  to 
belong  to  Wynyardia.  But,  as  a  word  of  caution,  it  should  be  remarked  that  we 
do  not  know  what  the  range  of  variation  in  a  population  of  Wynyardia  might  have 
been,  and  it  may  very  well  have  been  great  enough  to  include  this  slightly  smaller 
form. 

The  humeri  of  some  of  the  medium  sized  living  marsupials  bear  no  resemblance 
to  this  fossil  and  need  not  concern  us.  In  this  category  fall  the  relatively  long, 
slender  humeri  of  thylacines  and  bandicoots,  the  stocky,  rather  larger  humerus  of 
the  cuscus,  and  the  powerful  humeri  modified  for  digging  in  the  wombats.  Nor 
does  this  fossil  resemble  the  humerus  of  any  macropod  that  I  have  been  able  to 
examine.  Macropods  have  a  characteristic  protuberance  on  the  external  side  of  the 
shaft  to  accommodate  part  of  the  origins  of  two  well  developed  brachial  muscles, 
the  brachialis  anterior  and  triceps  exteraus  (Fig.  1e).  This  eminence,  which  may 
occasionally  protrude  several  millimetres  above  the  contour  of  the  bone,  is 
completely  lacking  from  this  fossil  and,  as  far  as  I  can  determine,  from  all  non- 
macropod  marsupials. 

This  strengthening  of  the  site  of  origin  of  these  two  antagonistic  forelimb 
muscles  in  macropods  may  somehow  be  associated  with  the  different  use  of  the 
forelimbs  in  that  group.  At  any  rate,  I  should  consider  the  lack  of  a  protruding 
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Fio.  1 — Anterior  aspect  of  left  humeri,  shown  without  epiphyses,  natural  size. 
A.  Didelphis  marsupialis.  B.  Bunga  Ck  fossil  (Nat.  Mus.  Viet.  No.  P22650). 
C.  Trichosurus  caninus.  D.  Sarcophilus  harrisi .  E.  Wallabia  bicolor.  F.  Notharctus 
sp.,  redrawn  from  Gregory  (1949,  Fig.  27).  BG,  bicipital  groove;  DC,  deltoid  crest; 
EF,  entepicondylar  foramen;  ME,  muscle  scar  of  brachialis  anterior  and  triceps 
externus;  MS,  muscle  scar  of  latissimus  dorsi  and  teres  major;  SC,  supinator  crest. 
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brachialis-triceps  crest  sufficient  to  exclude  the  fossil  humerus  from  being  allied 
with  macropods,  at  least  as  we  know  them  today.  This  conclusion  has  some 
significance  since  the  only  other  Lower  Pliocene  mammal  described  from  Victoria 
is  a  macropod  from  the  Grange  Bum  area  near  Hamilton  (Colliver  1933,  Gill 
1957). 

In  Fig.  1  the  fossil  humerus  is  illustrated  along  with  the  humeri  of  the  three 
groups  of  marsupials  which  it  most  closely  resembles  in  both  size  and  general 
features;  a  juvenile  Tasmanian  Devil  ( Sarcophilus  harrisi  Id),  a  mountain  possum 
( Trichosurus  caninus  lc),  and  an  American  opossum  ( Didelphis  marsupialis  1a). 
A  brief  word  of  comparison  is  in  order  although  most  of  the  similarities  and 
differences  can  be  gleaned  from  the  figure. 

In  Sarcophilus  the  shaft  of  the  humerus  is  more  robust  and  the  bicipital  groove 
is  barely  expressed.  The  deltoid  crest  is  narrow,  does  not  extend  to  the  proximal 
margin,  and  is  steeply  slanted  away  from  the  midline.  The  arcade  of  the  entepi- 
condylar  foramen  is  narrow  and  the  supinator  crest  is  weakly  developed. 

The  humeri  of  Trichosurus  caninus  and  T.  vulpecula  are  virtually  identical  and 
they  differ  in  some  major  features  from  the  fossil  humerus.  In  Trichosurus  the 
deltoid  crest  is  a  massive  ridge  that  is  gently  curved  and  ends  as  a  slightly  raised 
protuberance  about  halfway  down  the  shaft.  The  bicipital  groove  is  represented  by 
a  deep  furrow.  The  entepicondylar  foramen  is  well  developed  and  opens  medially 
into  a  fossa  which  is  completely  absent  in  the  fossil.  The  supinator  crest  is  large 
and  extends  two-thirds  of  the  way  up  the  external  border  of  the  shaft  to  end  as 
a  characteristic  hook-shaped  eminence. 

The  humerus  of  the  American  opossum  most  clearly  resembles  the  fossil 
specimen.  In  the  opossum  the  deltoid  crest  is  low  and  relatively  straight.  It  extends 
from  the  proximal  margin  to  midway  down  the  shaft.  The  entepicondylar  foramen 
is  roofed  by  a  heavy  arcade  and  opens  medially  into  a  shallow  fossa.  The  supinator 
crest  is  moderately  developed  and  extends  slightly  less  than  two-thirds  of  the  way 
up  the  shaft. 

The  general  form  of  the  humerus  in  marsupials  is  frequently  taken  as  an 
‘archetype’  from  which  the  humeri  of  placentals  could  have  been  evolved.  In  fact, 
the  humerus  in  the  Paleocene  lemuroid  Notharctus  is  not  greatly  different  from 
that  of  many  marsupials  (Fig.  If).  In  this  primitive  placental  there  is  a  slight 
medial  bowing  of  the  shaft  resulting  in  a  smooth  eminence  for  the  attachment  of 
the  teres  major.  The  deltoid  crest  is  narrow  and  diverges  laterally  away  from  the 
midline.  The  proximal  region  of  the  supinator  crest,  unlike  that  of  the  Bunga  Ck 
specimen,  merges  smoothly  into  the  shaft.  An  entepicondylar  foramen  is  present  in 
Notharctus  and,  for  that  matter,  also  in  a  number  of  more  advanced  primates. 
However,  this  foramen,  which  is  a  common  feature  in  marsupials,  is  lacking  in 
most  placentals. 

Gregory  (1949)  has  compared  the  humeri  of  all  major  groups  of  tetrapods  in 
an  endeavour  to  determine  the  phylogenetic  changes  of  this  skeletal  element.  In 
his  opinion  it  is  possible  to  derive  the  generalized  humeri  of  both  placentals  and 
marsupials  from  scantily  known  humeri  of  Mesozoic  mammals.  The  reader  is 
referred  to  his  profusely  illustrated  paper  for  a  discussion  of  the  comparative 
anatomy  of  the  vertebrate  humerus. 

Summary 

The  fossil  humerus  from  Bunga  Ck,  like  the  humerus  of  Didelphis,  appears  to 
be  primitive  and  unspecialized  even  for  a  marsupial.  However,  in  comparing  this 
fossil  to  the  humerus  of  Didelphis,  and  commenting  on  the  similarities  shared  by 
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the  two,  I  do  not  wish  to  infer  that  the  fossil  is  necessarily  a  didelphoid.  A  humerus 
of  this  nature  was  probably  possessed  by  any  number  of  early,  more  generalized 
marsupials.  As  an  example  of  primitive  didelphoid  characters  being  retained  in  a 
non-didelphoid  marsupial,  Ride  (1964)  has  pointed  to  some  striking  similarities  in 
the  skull  and  pelvic  girdle  features  of  Wynyardia  and  Didelphis ,  although  the  two 
are  certainly  dissimilar  in  other  important  characters  (dentition,  vertebral  structure, 
and  construction  of  the  hindlimb). 

It  is  best  to  consider  the  Bunga  Ck  specimen  as  belonging  to  an  animal  as  yet 
undiscovered.  Its  real  significance  lies  in  that  it  was  found  in  a  marine  bed  that  can 
be  dated  and,  thus,  will  prove  useful  in  future  efforts  to  describe  and  properly 
correlate  the  history  of  Tertiary  marsupials  from  various  localities  in  Victoria. 
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Explanation  of  Plate 

Plate  20 

Fossil  humerus  from  the  Lower  Pliocene  Jemmy’s  Point  Formation  of  E.  Victoria,  X  1. 
Upper  left,  anterior  view;  upper  right,  medial  view;  lower  left,  posterior  view;  lower  right, 
lateral  view.  Nat.  Mus.  Viet.  No.  P22650. 
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late  cretaceous  and  tertiary  depositional  cycles 

IN  SOUTH-WESTERN  VICTORIA 

By  P.  E.  Bock  and  R.  C.  Glenie 
Geological  Survey  of  Victoria 

Abstract 

Four  major  depositional  cycles  and  a  number  of  sub-cycles  are  discriminated  in  the 
Late  Cretaceous  and  Tertiary  sediments  of  SW.  Victoria,  between  the  Otway  Ranges  and  the 
Portland  area.  The  earlier  two  cycles  are  predominantly  of  rapidly  deposited  terrigenous 
clastic  rocks;  these  are  followed  by  two  cycles  of  essentially  calcareous  rocks,  indicating  slow 
deposition  under  normal  marine  conditions.  A  stratigraphic  interpretation  based  on  changes 
of  depositional  environment  is  suggested. 

Introduction 

Study  of  numerous  deep  bores  drilled  by  the  Victorian  Mines  Department  and 
Frome-Broken  Hill  Pty  Ltd  in  W.  Victoria  has  revealed  a  pattern  of  sedimentary 
environment  changes  of  basin-wide  implications.  The  post-Lower  Cretaceous 
deposits  make  up  a  complex  of  non-marine,  paralic,  and  shallow  marine  facies 
which,  taken  as  a  whole,  shows  four  major  marine  transgressions  followed  by 
regressions.  The  first  two  of  these  cycles  show  rapid  transgressions  followed  by 
slow  regressions  due  partly  to  filling  of  the  basin  with  large  quantities  of  arenaceous 
and  argillaceous  elastics;  these  are  grouped  as  the  Wangerrip  Group.  The  third 
cycle  represents  a  transition  stage,  consisting  of  clastic  and  biogenic  rocks;  the 
fourth  cycle  consists  mainly  of  biogenic  material  intermixed  with  fine  elastics.  The 
non-marine  sediments  extensively  developed  in  the  first  two  cycles  are  subordinate 
to  absent  in  the  third  and  fourth  cycles.  Formation  names  used  in  this  analysis  do 
not  always  coincide  precisely  with  original  definition;  redefinition  using  results 
from  recent  deep  bores  will  be  covered  in  an  integrated  study  of  the  basin. 

Published  contributions  by  others,  on  particular  areas,  or  aspects  of  the  geology, 
have  been  invaluable  in  compiling  this  synthesis,  principally  those  by  G.  Baker, 
N  A  Boutakoff,  J.  M.  Bowler,  A.  N.  Carter,  I.  C.  Cookson,  M.  E.  Dettmann, 
j  G.  Douglas,  E.  D.  Gill,  M.  F.  Glaessner,  W.  K.  Harris,  P.  R.  Kenley,  R.B. 
Leslie,  N.  H.  Ludbrook,  B.  McGowran,  A.  F.  McQueen,  K.  J.  Reed,  R.  C.  Sprigg, 
D.  J.  Taylor,  and  M.  Wade.  Most  important  among  these  are  the  pioneering 
contributions  on  lithostratigraphy  and  sedimentology  by  Dr  G.  Baker  in  numerous 
papers.  Cyclic  deposition  in  the  Port  Campbell  area  was  mentioned  by  D.  J. 
Taylor  (1964)  in  discussing  the  stratigraphy  of  foraminiferal  Upper  Cretaceous 
sediments  forming  part  of  the  first  of  the  four  major  cycles. 

The  authors  are  indebted  to  Dr  D.  E.  Thomas,  Director  of  Geological  Survey, 
for  permission  to  publish,  and  to  Dr  J.  A.  Talent  for  encouragement  and  con¬ 
structive  criticism;  other  colleagues,  particularly  W.  A.  Esplan,  C.  R.  Lawrence, 
and  D.  J.  Taylor  gave  advice  in  numerous  matters  of  interpretation.  The  present 
contribution  is  a  by-product  of  a  continuous  boring  programme  since  late  1957 
by  the  Mines  Department  supervised  by  the  authors  and  others,  particularly  K.  J. 
Reed  and  P.  G.  Macumber,  and  supplemented  by  a  programme  of  mapping;  the 
later  stages  of  the  study  were  carried  out  as  part  of  a  joint  study  of  the  Otway 
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Basin  by  the  Geological  Surveys  of  Victoria  and  South  Australia  commenced  early 
in  1964. 


Cyclic  Sedimentation 

Cyclic  sedimentation  has  been  discussed  recently  in  papers  by  Wells  (1960) 
and  Vella  (1965);  the  possible  causes  summarized  by  Wells  include  periodic 
diastrophism  and  cyclic  eustatic  changes  of  sea  level  caused  by  climate,  sedi¬ 
mentation,  or  tectonism.  Sedimentary  cycles  according  to  Bornhauser  (1947)  have 
two,  three,  or  four  phases  according  to  the  presence  of  inundative,  regressive, 
continental,  and  transgressive  phases.  This  system  mingles  facies  and  time  concepts; 
‘transgressive’  and  ‘regressive’  refer  to  the  phase  or  half  cycle  and  thus  have  a 
time  connotation;  ‘inundative’  and  ‘continental’  have  an  environmental  or  facies 
connotation.  With  Bornhauser’s  principles  in  mind  we  have  regarded  phases  as 
being  either  transgressive  or  regressive,  and  for  simplicity  have  used  a  three-fold 
classification  of  environments:  ‘marine’,  ‘paralic’,  and  ‘non-marine’.  The  last  is 
similar  to  his  ‘continental’  phase.  Selection  of  boundaries  between  the  three  environ¬ 
ment  types  is  difficult  and  depends  on  the  criteria  used. 

The  transgressive  phase  usually  begins  with  a  non-marine  lagoonal  or  fluvio- 
lacustrine  deposit  grading  basin  wards  (laterally)  and  upwards  (vertically)  into 
littoral  and  near-shore  marine  glauconitic,  calcareous,  and  dolomitic  sandstones  to 
sandy  mudstones  or  marlstones.  Phosphatic  minerals  may  be  present;  glauconite  is 
often  oxidized  to  limonite  due  to  local  conditions.  Minor  rock  types  include  swamp 
deposits  such  as  sandy  mudstones  (often  carbonaceous)  and  breccias  or  conglom¬ 
erates.  Characteristic  fossils  include  thick-shelled  lamellibranchs  and  shark  teeth. 
As  the  transgression  proceeds,  more  normal  marine  deposits  make  their  appearance, 
generally  mudstones  or  marls  with  a  varied  fauna  of  calcareous  fossils;  interbedded 
limestones,  dolomites,  or  siderites  may  be  present  as  well  as  glauconite.  Thicker 
developments  of  limestones  or  dolomites  are  to  be  expected  basinwards  away  from 
the  zone  of  deposition  of  fine  detritus;  in  the  present  area  these  have  been  observed 
only  in  Cycle  4. 

It  is  hard  to  detect  the  position  of  maximum  inundation  in  a  sequence  of  marine 
deposits;  the  regression  becomes  obvious  only  when  paralic  deposits  are  first 
observed  in  a  given  section.  Regressive  paralic  deposits  are  characterized  by 
abnormally  thick  claystone-siltstone  sequences  with  minor  dolomites;  interbedded 
sands  or  sandstones  are  generally  present,  increasing  with  continued  regression  to 
the  top  of  the  phase.  Regressive  deposits  include  all  lithologies  from  marine 
mudstones  and  fluviomarine  shales  to  non-marine  sands  and  coals.  Minor  sub-cycles 
are  particularly  apparent  in  regressive  deposits;  these  may  prove  to  be  reliable 
time  indicators  if  traced  over  wide  areas.  Owing  to  conditions  of  rapid  sedimenta¬ 
tion  and  fluctuating  water  salinities  inhibiting  growth,  organic  remains  are  scarce; 
arenaceous  Foraminifera  predominate.  Deposits  of  the  regressive  phase  are  well 
developed  in  the  first  two  cycles  (Wangerrip  Group)  of  the  area;  they  are  poor  or 
lacking  in  the  third  and  fourth  cycles.  These  deposits  may  be  of  deltaic  origin 
because  they  are  similar  to  well  documented  deltaic  deposits  at  the  mouths  of  the 
Niger  and  Rhone  Rivers  (Allen  1964,  Lagaaij  &  Kopstein  1964). 

It  has  been  found  that  cycle  changes  may  be  marked  by  lacunae  or  discon- 
formities  which  become  more  marked  towards  the  basin  margins.  The  most 
important  breaks  in  sequence  are  shown  in  Fig.  1 ;  others  of  possibty  equal  import¬ 
ance  corresponding  to  minor  regressions  or  more  localized  in  extent  have  been 
omitted.  In  some  areas  minor  or  major  lacunae  and  disconformities  have  been 
recorded  in  normal  marine  sediments,  based  either  on  field  evidence  or  on 
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Repetition  of  this  unit  may  be  present  in  overlying  unit. 

Fig.  2 — Diagnostic  features  of  the  major  stratigraphic  units  of  the  Late  Cretaceous 
and  Tertiary  of  SW.  Victoria. 
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Fig.  3 — Locality  map. 


palaeontological  grounds.  Evidence  of  shallow-water  deposition  is  often  lacking  and 
there  may  be  no  obvious  association  with  transgression  or  regression.  Explanations 
put  forward  for  such  effects  include  complete  emergence  and  subaerial  erosion 
caused  by  local  tectonic  disturbance,  but  studies  of  Recent  deposits  of  similar 
character  near  the  Rhone  delta  have  shown  that  submarine  banks  or  irregular 
areas  of  non-deposition  or  possibly  erosion  may  occur  in  basins  of  normal  marl 
deposition  (Lagaaij  &  Kopstein  1964,  Lagaaij  &  Gautier  1965).  Similar  areas  of 
non-deposition  or  erosion  seem  to  have  been  present  in  the  Miocene  seas  of  Victoria; 
there  are  obvious  dangers  in  attaching  too  much  significance  to  such  anomalous 
local  lacunae. 

Cycle  1 

Prior  to  the  initiation  of  this  cycle,  S.  Victoria  was  the  site  of  an  E.-W.  trough 
extending  continuously  from  South  Australia  to  Gippsland,  the  site  of  rapid 
accumulation  of  monotonous  claystones,  mudstones,  and  immature  felspathic  and 
lithic  sandstones  (arkoses)  under  lacustrine  conditions.  Evidence  for  the  essential 
continuity  of  this  trough  has  been  derived  from  the  repeated  occurrence  of  these 
sediments  sub-surface  between  the  various  outcrop  tracts,  the  discovery  of  two 
occurrences  of  these  distinctive  sediments  in  shallow  bores  on  the  upthrown  side 
of  the  Selwyn  Fault  on  the  Mornington  Peninsula  on  a  structural  high  formerly 
thought  to  have  provided  a  primary  division  between  basins  of  Lower  Cretaceous 
sedimentation,  and  the  overall  monotony  of  the  sediments  throughout  S.  Victoria. 
The  all-embracing  name  Korumburra  Group  has  priority  over  a  number  of  other 
names,  including  ‘Otway  Group’  and  ‘Merino  Group’,  applied  to  outcrop  tracts  of 
Lower  Cretaceous  sediments  across  S.  Victoria  (Stirling  1899;  Talent  1965;  Brown, 
Campbell,  &  Crook  1965).  The  Waarre  Sandstone,  a  subsurface  unit  of  quartz 
sandstone  formerly  included  with  the  ‘Otway  Group’,  has  more  affinities  with 
overlying  sediments  up  to  and  including  the  Dartmoor  Sand  Member  (Fig.  1).  It 
is  a  shallow-water  marine  to  brackish-water  sequence  (Leslie  1965)  of  well-sorted 
mature  quartz  sandstones  indicating  deposition  of  coarse  elastics  close  to  the 
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shoreline.  There  is  thus  lithologic  as  well  as  environmental  contrast  with  the  under¬ 
lying  immature  fluvio-lacustrine  Korumburra  Group  sediments.  The  Waarre  Sand¬ 
stone  is  restricted  to  a  small  area  near  Port  Campbell  in  one  of  the  deepest  known 
areas  of  Upper  Cretaceous  sediments.  Its  distribution  may  indicate  the  location  of 
the  downwarp  associated  with  the  onset  of  the  Upper  Cretaceous  marine  trans¬ 
gression.  Its  deposition  is  therefore  the  first  event  in  Cycle  1. 

The  Waarre  Sandstone  is  succeeded  by  the  Flaxman  Formation,  previously 
‘Flaxman’s  Beds’,  a  concentration  of  peculiar  rock  types  including  sandstones  with 
abundant  sand-sized  glauconite  and  limonite  ooliths,  usually  associated  with  a 
transgressive  paralic  or  shoreline  environment  elsewhere  in  the  stratigraphic 
column,  e.g.  the  Pebble  Point  Formation.  Mudstones  present  at  or  near  the  base 
may  represent  tidal  fiat  deposits  near  the  beach.  The  Flaxman  Formation  represents 
only  part  of  the  transgressive  stage  of  Cycle  1,  but,  like  the  Pebble  Point  Formation, 
it  is  an  important  marker  horizon  heralding  the  onset  of  neritic  marine  conditions 
(cf.  ‘initial  detrital  deposits’  and  ‘dark  mudstone  deposits’  of  Taylor  1964). 

The  glauconitic  siltstones  and  claystones  of  the  Belfast  Mudstone  Member 
contain  numerous  fossils  indicating  a  neritic  environment.  It  appears  from  Taylor’s 
(1964)  comprehensive  account  of  the  Foraminifera  and  palaeoecology  of  this  unit 
that  the  maximum  marine  transgression  occurred  at  the  time  of  Assemblage  2  or  3 
in  Zonule  A;  the  higher  parts  of  this  unit  are  accordingly  regressive,  although  no 
lithologic  change  has  been  discerned.  This  event  represents  the  time  at  which  the 
sedimentation  became  more  rapid  than  subsidence  relative  to  sea  level.  One  wrould 
expect  such  an  event  to  be  reasonably  contemporaneous  basin-wide,  but  marked 
faunal  changes  are  unlikely  to  coincide  with  such  an  oscillation  point  except  along 
the  line  of  maximum  marine  incursion. 

The  Nullawarre  Greensand  Member,  composed  of  arenitic  sediments  with 
glauconitic  quartz  sands  predominating,  is  a  widespread  and  often  thick  littoral  or 
paralic  unit  of  both  regressive  and  transgressive  character;  it  represents  the  most 
important  fluctuation  or  subcycle  in  Cycle  1.  The  lower,  regressive  paralic  part  of 
this  unit  may  be  oxidized  to  a  limonitic  quartz  sandstone;  this  does  not  necessarily 
indicate  a  disconformity  or  period  of  subaerial  weathering,  for  oxidation  of 
glauconite  can  occur  under  marine  conditions  close  to  the  shoreline.  A  discon¬ 
formity,  nevertheless,  may  be  present  separating  the  regressive  from  the  trans¬ 
gressive  part  of  this  unit  in  marginal  areas.  The  transgression  in  the  upper  part  of 
the  Nullawarre  Greensand  Member  is  followed  typically  by  a  return  to  deposition 
of  neritic  mudstones  lithologically  similar  to  those  of  the  Belfast  Mudstone  Member 
and  having  the  form  of  a  tongue  of  upper  Belfast  Member.  It  can  be  discriminated 
as  a  separate  unit  only  where  the  Nullawarre  Greensand  Member  intervenes  in  the 
sequence,  but  loses  its  identity  S.  of  the  southern  limit  of  the  latter  towards  the  area 
of  maximum  development  of  Belfast  Mudstone  Member  in  the  vicinity  of  Port 
Campbell.  The  major  regression  in  the  upper  part  of  the  Belfast  Mudstone  Member 
in  the  Nullawarre  area,  and  also  in  the  Port  Campbell  area,  is  marked  with  three 
minor  subcycles,  each  of  which  shows  a  rapid  change  upwards  from  paralic  sandy 
deposits  to  marine  shales,  and  a  more  gradual  return  to  sandy  deposits.  These  three 
small  subcycles  demonstrate  rapid  but  wide  transgressions  of  a  rhythmic  nature, 
mirroring  the  large  scale  cycles. 

The  Belfast  Mudstone,  Nullawarre  Greensand,  and  Timboon  Sand  are  members 
of  the  Paaratte  Formation,  each  of  which  represents  trends  away  from  a  nondescript 
sequence  of  shales,  sands,  and  mudstones,  which  is  referred  to  as  undifferentiated 
Paaratte  Formation  in  several  bores.  The  Paaratte  Formation  grades  vertically  and 
laterally  into  the  Timboon  Sand  Member  above  and  to  the  north,  and  into  the 
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Belfast  Mudstone  Member  below  and  to  the  south.  The  formational  contacts  are 
very  complex,  and  we  have  probably  oversimplified  by  selecting  the  top  of  the 
Belfast  Mudstone  Member  in  any  bore  as  the  base  of  the  first  coarse  clastic  horizon, 
and  the  base  of  the  Timboon  Sand  Member  as  the  top  of  the  bed  with  the  last 
indication  of  marine  influence,  e.g.  microfossils  or  glauconite.  Although  both 
represent  near-shore  environments,  the  difference  in  character  between  the  Flaxman 
Formation  and  the  Paaratte  Formation  is  difficult  to  explain.  The  well-bedded  and 
laminated  nature  of  the  Paaratte  Formation  sediments  indicates  a  tidal  flat  environ¬ 
ment  in  contrast  to  the  poorly-bedded  or  massive  Flaxman  Formation. 

The  Timboon  Sand  Member  represents  the  dominantly  non-marine  sequence 
of  arenaceous  elastics  deposited  after  the  general  regression  of  the  sea  in  the  Upper 
Cretaceous,  and  before  the  Paleocene  marine  transgression  indicated  by  the  Pebble 
Point  Formation.  The  sequence  may  be  both  regressive  and  transgressive  in  character, 
and  so  one  of  the  problems  in  correlation  is  the  selection  of  the  position  corres¬ 
ponding  to  the  maximum  regression  in  any  section.  This  may  be  further  complicated 
by  the  presence  of  a  disconformity  expressed  as  lack  of  deposition  or  even  as  an 
erosional  break,  depending  on  geographic  position,  the  supply  of  elastics,  and  the 
amount  of  downwarp.  Examples  of  different  cases  are : 

1.  Basinward:  continuous  deposition  of  paralic  elastics  of  the  Paaratte  Forma¬ 
tion,  succeeded  by  Pebble  Point  Formation,  with  no  intervening  Timboon 
Sand  Member  (e.g.  Belfast  4). 

2.  Intermediate:  continuous  deposition  of  non-marine  elastics  of  the  Timboon 
Sand  Member  with  no  break  in  deposition  (e.g.  Port  Campbell  2;  Nelson 
Bore). 

3.  Sourceward:  deposition  of  either  one  or  both  phases  of  the  Timboon  Sand 
Member  with  a  break  in  deposition  possibly  accompanied  by  erosion  (e.g. 
Heywood  10  with  transgressive  Timboon  Sand  Member  disconformably 
upon  Paaratte  Formation.* 

*  The  regressive  part  of  the  Timboon  Sand  Member  may  not  have  been  deposited,  or 
may  have  been  stripped  during  the  period  of  maximum  regression.  A  sequence  of  roughly 
1,300  ft  of  sandy  sediments  (depth  4,000  to  5,300  ft  approx.)  in  the  Nelson  Bore  seems  to 
have  been  deposited  during  the  time  of  this  hiatus  in  Heywood  10  bore;  we  can  lithologically 
correlate  rocks  above  and  below  this  interval  in  the  Nelson  Bore  with  those  above  and  below 
4,530  ft  in  Heywood  10. 

Cycle  2 

Although,  theoretically,  it  belongs  to  the  second  cycle,  the  transgressive  part  of 
the  Timboon  Sand  Member  has  already  been  mentioned.  The  Pebble  Point  Forma¬ 
tion  at  Princetown  is  the  type  section  of  the  transgressive  paralic  deposits  of 
Cycle  2,  but  even  here  the  sediments  indicate  marine  influence  (glauconitic 
dolomites)  at  the  base  of  this  section;  the  lowest  marine  fossils  are  found  near  the 
top  of  the  formation  and  are  littoral  or  shallow-water  types  (e.g.  Callianassa) . 
Some  of  the  lower  parts  of  the  Pebble  Point  Formation  in  bore  sections  may  consist 
of  tidal  flat  mudstones  similar  to  deposits  towards  the  base  of  the  Flaxman  Forma¬ 
tion.  This  is  one  of  many  similarities  between  the  two  formations.  The  base  of  the 
Pebble  Point  Formation  is  difficult  to  determine,  particularly  since  the  boundary  is 
gradational  and  criteria  normally  used  are  absent  in  some  sections.  Its  top  is  more 
obvious  but  is  usually  transitional  so  that  the  dolomitic  rocks  are  gradually  replaced 
by  marine  mudstones  or  claystones  over  some  50  ft  of  section.  These  mudstones 
are  not  present  farther  inland,  the  Pebble  Point  Formation  being  overlain  by 
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regressive  ‘paralic’  shales  and  siltstones  of  the  Dilwyn  Formation  without  inter¬ 
vening  Pember  Mudstone  Member. 

The  character  and  relations  of  the  Pember  Mudstone  Member  in  the  Prince- 
town  sections  are  disguised  due  to  masking  of  outcrops;  it  was  penetrated  in  the 
adjacent  La  Trobe  1  bore  and  discriminated  from  there  to  other  bores  in  the  basin. 
This  member  is  the  nearest  approximation  in  Cycle  2  to  the  Belfast  Mudstone 
Member  of  Cycle  1  but,  though  more  widespread  than  the  latter,  it  is  thinner  in 
most  sections  leading  one  to  suspect  that  the  Paleocene  transgression  was  either  of 
shorter  duration  or  was  accompanied  by  less  marked  downwarping  or  downfaulting 
in  the  basin.  This  unit,  together  with  higher  horizons  of  the  Dilwyn  Formation, 
becomes  much  thicker  south-westwards,  notably  in  the  Belfast  4,  Heywood  10, 
Portland  3,  and  Glenelg  1  (Nelson)  bores,  suggesting  a  WNW.-trending  structural 
control  on  deposition  (fault  or  warp)  lying  to  the  N.  of  Port  Fairy  and  Heywood, 
but  S.  of  the  intervening  Pretty  Hill  1  and  Eumeralla  1  oil  bores. 

The  undifferentiated  Dilwyn  Formation  exposed  in  the  type  section  (Baker 
1943,  1950,  1953)  is  composed  mainly  of  near-shore  to  lagoonal,  brackish  to 
fresh-water  laminated  micaceous  shales  with  minor  layers  of  dolomite  and  clean  to 
silty  well-sorted  quartz  sands.  Marine  influence  is  expressed  by  poor  foraminiferal 
(‘ Cyclammina ’)  faunas.  The  quartz  sands  are  taken  to  represent  non-marine 
deposits  because  of  their  increased  importance  towards  the  marginal  areas  and 
higher  in  the  section  coinciding  with  the  onset  of  more  pronounced  non-marine 
sedimentation.  By  analogy  with  nomenclature  adopted  for  Cycle  1,  we  have  given 
member  status  to  these  sediments  where  the  siliceous  elastics  become  dominant  and 
near-shore  or  brackish  intercalations  become  insignificant  or  minor.  The  name  chosen 
for  this  unit,  Dartmoor  Sand  Member  (formerly  Formation),  was  originally  pro¬ 
posed  for  a  sequence  within  the  Knight  Group  now  seen  to  be  the  equivalent  of  the 
Dilwyn  Formation  but  differing  from  it  by  an  excess  of  quartz  sands  over  shales. 
Marine  influence  is  not  strong  in  the  type  area;  marine  fossils  occur  mainly  towards 
the  base  of  the  unit,  corresponding  to  the  maximum  transgression. 

Generally  speaking,  the  lithologies  of  the  Dilwyn  Formation  are  similar  to  those 
of  the  Paaratte  Formation  except  for  more  common  glauconite,  the  presence  of 
ankerite  or  siderite  rather  than  dolomite,  and  less  regular  lamination  in  the  latter 

formation.  .  .  ,  ,  , 

Because  of  their  lithogenetic  similarities,  the  entire  sequence  of  sands,  shales, 
siltstones,  and  mudstones  with  minor  dolomites,  siderite-ankerite,  coal,  gravels,  and 
greensands  of  Cycles  1  and  2  from  the  Waarre  Sandstone  up  to  and  including  the 
Dartmoor  Sand  Member  are  grouped  as  a  major  stratigraphic  unit,  the  Wangerrip 
Group,  here  redefined  from  its  original  definition  to  embrace  Upper  Cretaceous  as 
well  as’  Lower  Tertiary  sediments. 

Cycle  3 

The  base  of  this  cycle  is  a  major  disconformity  testifying  to  one  of  the  most 
significant  events  in  the  history  of  the  basin.  Previous  interpretations  of  subsurface 
information  have  stressed  the  subsequent  onset  of  marl  sedimentation,  but  this 
represents  the  change  from  transgressive  littoral  to  normal  marine  facies  within  the 
one  transgression.  The  important  boundary  is  the  change  from  the  sand-shale  suite 
of  the  Wangerrip  Group  to  the  limestone-marl-sandy  limestone  suite  of  the  Nirranda 
and  Heytesbury  groups.  It  is  stressed  that  Cycles  3  and  4  lack  deltaic  or  paralic 
sediments  and  lagoonal  to  fresh-water  sediments.  After  Cycle  2,  the  sandy  phases 
are  almost  entirely  limonitic  with  well-rounded  and  polished  iron-stained  quartz 
in  contrast  with  the  dull  quartz  grains  of  earlier  lagoonal  deposits  and,  moreover, 
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they  contain  Foraminifera  and  macrofossils.  The  marine  sediments  of  Cycles  3 
and  4  are  non-laminated  and  usually  richly  fossiliferous  marls,  though  they  are  less 
fossiliferous  towards  the  base  of  Cycle  3.  The  cessation  of  deposition  of  paralic 
sediments  at  the  close  of  Cycle  2  appears  to  have  been  rapid;  the  Dartmoor  Sand 
Member  was  exposed  and  became  the  base  of  the  marine  transgression  of  Cycle  3 
the  Nirranda  Group.  * 

Only  one  transgressive  littoral  unit  is  developed  in  Cycle  3  in  the  S.  near  Port 
Campbell  whereas,  farther  N.,  at  least  two  littoral  units,  each  followed  by  neritic 
marl  deposits,  demonstrate  the  presence  of  sub-cycles.  The  Nirranda  Group  does 
not  outcrop  in  the  Princetown  coastal  section,  although  Upper  Eocene  faunas  are 
known  from  the  La  Trobe  1  bore  nearby  (D.  Taylor  pers.  comm.).  The  group  is 
well  developed  in  the  bores  drilled  by  Frome-Broken  Hill  in  the  Port  Campbell 
area,  and  from  there  can  be  traced  continuously  in  bores  to  Koroit  and  as  far 
N.  as  Cobden  and  Carpendeit.  West  of  Koroit  these  sediments  are  not  well 
developed  and  correlation  is  difficult  due  to  the  scarcity  of  bores.  Possible  cor 
relatives  of  the  upper  part  of  the  Nirranda  Group  exist  in  the  Portland  2  ind  3 
bores,  and  in  Heywood  10  (Glenie  &  Reed  1961,  Reed  1965).  The  first  maior 
transgression  of  the  sea  after  the  Dilwyn  Formation  was  certainly  later  here  than 
in  the  Port  Campbell  and  Cobden  areas,  but  it  is  not  yet  clear  whether  the  sections 
called  Nelson  Formation  in  the  Portland,  Heywood,  and  Nelson  bores  correspond 
to  a  late  part  of  Cycle  3  or  an  early  appearance  of  Cycle  4.  The  Eocene  deposits 
of  the  Aire  coastal  area  have  similarities  in  age  and  environment  with  the  Nirranda 
Group. 

The  transgressive  littoral  unit  of  Cycle  3,  the  Mepunga  Formation,  consists 
mainly  of  brown  limonitic  quartz  sands,  calcareous  limonitic  sands,  and ’limonitic 
sandy  limestones,  with  some  pyritic  carbonaceous  sandy  mudstones.  Typically  the 
quartz  sand  is  well-rounded,  highly  polished,  with  a  brown  coating  of  limonite 
Limonitic  material  is  also  present  as  medium  to  fine  sand-size  peTlets  probablv 
formed  from  oxidation  of  glauconite  ooliths.  Macrofossils  are  scarce,  the  most 
common  being  turritellids.  This  formation  interfingers  with  the  Narrawaturk  Marl 
(cf.  Fig.  1),  and  so  a  duplicated  section  commonly  occurs  with  two  tongues  of 
Mepunga  Formation  separated  by  a  thickness  of  marl.  It  is  not  considered  useful 
to  distinguish  the  two  tongues  at  present,  but  further  study  of  the  Nirranda  Groun 
may  provide  criteria  for  more  detailed  subdivision.  v 

The  Narrawaturk  Marl  is  a  sequence  of  richly  fossiliferous  marls,  grading  down 
in  carbonate  content  to  marly  mudstones,  or  up  to  marly  limestones.  The  detrital 
fraction  often  is  coarser  than  that  in  the  Gellibrand  Marl,  giving  a  more  silty  texture 
to  the  rock.  Nothing  is  known  of  variations  in  depth  of  deposition  within  this  unit- 
there  is  no  evidence  of  regressive  deltaic  facies  such  as  the  paralic  and  non-marine 
regressive  deposits  in  the  preceding  two  cycles. 

Cycle  4 

The  normal  marine  deposits  of  the  Narrawaturk  Marl  are  succeeded  by  limonitic 
sandy  limestones  or  limonitic  sands  correlating  with  the  Clifton  Formation  of 
Baker  (1953);  a  disconformity  between  these  formations  is  indicated  by  the 
absence  of  Carter’s  (1958)  faunal  unit  4.  Thin  developments  of  faunal  unit  4 
occur  in  some  bore  sections  so  it  is  possible  that  deposition  was  continuous  in  some 
areas.  The  regression  from  normal  marine  of  the  Narrawaturk  Marl  to  the  near¬ 
shore  environment  of  the  Clifton  Formation  was  rapid,  leaving  no  evidence  of 
deltaic  deposits. 

The  Clifton  Formation  at  its  type  area  includes  a  non-calcareous  limonitic 
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quartz  sand,  followed  in  order  by  a  calcareous  sand,  a  phosphatic  limonitic 
calcareous  conglomerate,  and  limonitic  limestone  grading  up  into  marl.  This  repre¬ 
sents  a  transgressive  sand  deposit.  In  bores  farther  out  in  the  basin,  the  Clifton 
Formation  is  usually  a  reddish-brown  limonitic  limestone  with  minor  limonitic 
marls.  Such  sections  lacking  coarse  detritus  may  be  entirely  marine,  indicating  a 
shallowing  but  not  complete  regression  before  the  transgression  at  the  start  of 
Cycle  4.  Farther  basinwards  the  limonite  may  be  absent,  the  original  glauconite 
ooliths  remaining  unaltered. 

The  widespread  and  relatively  thick  Gellibrand  Marl  represents  a  more  extensive 
marine  transgression  than  all  earlier  transgressions  so  that  deposits  of  Cycle  4 
cover  those  of  previous  cycles  except  where  later  uplift  has  caused  them  to  be 
eroded.  Baker  (1950,  1953)  defined  two  clay  units  beneath  the  Port  Campbell 
Limestone.  At  the  type  area  these  are  minor  facies  within  an  essentially  uniform 
sequence  of  marls  which  we  have  been  unable  to  subdivide  subsurface.  Accordingly, 
we  have  adopted  the  name  Gellibrand  Clay  amended  to  ‘Marl’  to  embrace  it  as 
well  as  the  Glenample  Clay,  leaving  discrimination  between  these  units  to  the 
original  cliff  sections.  This  modification  has  been  suggested  to  retain  geographic 
reference  to  the  almost  continuous  exposures  of  the  marls  along  the  Princetown- 
Port  Campbell  coastline.  The  Glenample  Clay  may  yet  be  of  value  in  regional 
stratigraphy,  but  is  best  considered  to  be  of  member  status.  Boring  has  proved  the 
Gellibrand  Marl  to  be  continuous  with  other  marl  occurrences  in  W.  Victoria; 
typical  of  these  is  the  Heywood  Marl  Member  (Glenie  &  Reed  1961)  which  is 
approximately  correlative  with  the  Gellibrand  Marl,  despite  variations  in  the  age 
of  the  top  and  bottom  of  the  units  at  their  type  areas.  The  marls  extend  N.  to  the 
margin  of  the  basin,  with  thin  transgressive  deposits  underlying  them,  and  minor 
non-marine  equivalents  as  in  the  Maude  area  (Bowler  1963).  All  evidence  points 
to  a  diminution  of  the  supply  of  coarse  detritus  to  the  basin  during  the  Upper 
Eocene  (post-Dilwyn  Formation),  with  only  silt,  clay,  and  calcareous  material 
being  deposited  slowly  in  a  neritic  environment.  Conditions  were  ideal  for  benthic 
fauna  including  bryozoans  and  molluscs. 

The  Bochara  Limestone  is  included  on  Fig.  1  to  demonstrate  the  effect  of  local 
transgressions  during  the  Miocene.  The  Bochara  Limestone,  a  limonitic  limestone 
with  a  rich  foraminiferal  fauna,  represents  a  transgressive  shallow-water  facies 
which  is  followed  by  normal  marine  marls.  Similar  conditions  were  present  for  the 
deposition  of  the  Batesford  Limestone  and  the  Waurn  Ponds  Limestone  near 
Geelong,  and  the  Kawarren  Limestone  S.  of  Colac;  such  limestones  are  of  limited 
extent  and  were  deposited  close  to  the  shoreline  in  fairly  shallow  seas  protected  by 
local  geography  from  the  deposition  of  silt  and  clay. 

The  Port  Campbell  Limestone  is  laterally  continuous  with  the  Portland  Lime¬ 
stone  Member  (Glenie  &  Reed  1961);  the  former  has  priority.  It  represents  a 
different  facies  from  other  limestones  of  the  area.  Smaller  Foraminifera  abound, 
but  Bryozoa  and  several  groups  of  Foraminifera  are  almost  absent;  macrofauna 
includes  polychaete  worm  tubes,  echinoids,  and  brachiopods.  Reed  (1965)  suggests 
this  was  a  deeper  water  deposit  than  the  marl  on  the  basis  of  types  of  Foraminifera. 
He  suggests  that  the  depth  of  deposition  of  the  marls  in  the  Heywood  bore  was 
between  20  and  60  m,  whereas  the  limestones  were  probably  deposited  up  to  a 
depth  of  95  m.  The  distribution  of  the  limestones  tends  to  support  this  view  as  they 
do  not  extend  as  far  N.  as  the  marls. 

The  Rutledge  Marl  Member  at  its  type  locality  is  a  richly  fossiiiferous  marl  to 
limey  marlstone  interbedded  with  the  Port  Campbell  Limestone  near  its  base;  it 
outcrops  between  Port  Campbell  and  Cobden,  and  in  bores  W.  of  the  outcrop  area. 
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It  is  assumed  here  that  the  Rutledge  Marl  Member  represents  a  minor  shallowing 
of  the  sea  during  the  Miocene  with  a  subsequent  deepening.  Wade  (1964)  has 
shown  this  event  to  be  post-Balcombian,  i.e.  after  the  entry  of  Orbulina  universa. 

The  regression  which  followed  deposition  of  the  Port  Campbell  Limestone  and 
its  marly  equivalents  has  not  been  accurately  dated  but,  in  most  areas,  is  mainly 
earlier  than  the  end  of  the  Miocene.  Normally,  no  regressive  deposits  are  pre¬ 
served.  A  few  scattered  outcrops  of  Lower  Pliocene  shallow-water  marine  deposits 
have  been  described  and  are  usually  recorded  unconformably  overlying  marls. 
Most  of  the  exposures  have  been  in  the  extreme  marginal  areas  of  the  basin,  as 
at  Hamilton  (‘Grange  Burn  Coquina’,  Gill  1951)  and  near  Geelong  (‘Moorabool 
Viaduct  Sands’,  Bowler  1963).  These  are  both  of  Kalimnan  age  and  have  trans¬ 
gressive  phosphatic  nodule  beds  at  their  bases.  Whereas  the  Grange  Burn  Coquina 
has  not  been  recorded  far  away  from  the  type  area,  the  Moorabool  Viaduct  Sands 
and  probable  equivalents,  here  referred  to  in  a  broader  sense  as  the  Moorarbool 
Viaduct  Formation,  have  been  mapped  over  large  areas  near  Geelong  and  to  the 
west.  East  of  the  type  locality,  limestones  and  sandy  limestones  are  present 
(Bowler  1963);  deposits  W.  of  the  type  locality  are  mainly  silts  with  rare  casts  of 
molluscs.  This  type  of  deposit  has  been  traced  as  far  W.  as  Birregurra  and  Colac; 
in  bores  in  this  region  a  gradational  change  upwards  from  silty  marls  to  silts  and* 
sands  has  been  observed.  These  lacustrine  or  lagoonal  silts  are  therefore  a 
regressive  phase  deposit  following  the  Gellibrand  Marl  in  this  area. 

Concluding  Remarks 

The  formation  boundaries  suggested  here  are  mainly  diachronous  and,  although 
providing  reference  surfaces  for  study  of  facies,  they  are  of  limited  value  in 
structural  interpretation.  Surfaces  corresponding  to  phase  boundaries  (transgressive 
v.  regressive)  are  synchronous,  and  are  suitable  for  preparation  of  isopach  or 
structure  contour  maps.  Phase  changes  occurring  in  sections  of  marine  mudstones 
or  marls  in  this  area  can  only  be  recognized  by  faunal  changes.  Cycle  boundaries 
are  more  easily  recognized  in  sections;  these  are  represented  by  continuous  deposi¬ 
tion  of  sediments,  by  lacunae,  or  by  erosional  disconformities.  Because  the  first 
two  cycles  are  characterized  by  rapid  transgressions  and  slow  regressions,  the 
boundaries  of  their  transgressive  lithologic  units  are  closer  approximations  to  time 
planes  than  are  boundaries  within  the  regressive  formations. 
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PROXICHIONE  (PELECYPODA:  VENERIDAE)  FROM  THE  TERTIARY 
OF  SOUTH-EASTERN  AUSTRALIA 

By  Thomas  A.  Darragh 
National  Museum  of  Victoria 

Abstract 

Six  species  of  Proxichione  are  recorded  from  the  Tertiaries  of  Victoria,  Tasmania,  and 
South  Australia,  i.e.  P.  etheridgei,  P.  hormophora,  P.  dimorphophylla,  P.  subtilicostata,  P. 
moondarae ,  and  P.  cognata.  Of  these,  P.  subtilicostata  and  P.  moondarae  are  new  and 
P.  cognata  is  represented  by  so  few  individuals  that  its  validity  is  open  to  question.  The  type 
specimens  of  previously  described  species  are  refigured. 

Introduction 

When  Iredale  (1929,  p.  339)  introduced  the  genus  Proxichione ,  he  did  so 
without  reference  to  its  relationships  with  other  genera  and  while  some  later  authors, 
e.g.  Singleton  (1945),  have  recognized  that  the  genus  is  separable  from  others, 
no  detailed  descriptions  and  comparisons  have  been  given,  thus  leading  to  some 
confusion  of  its  relationships  and  validity.  Iredale  (1930,  p.  136)  also  noted  that 
the  living  species  had  fossil  ancestors  but  he  did  not  list  any  species.  Singleton 
(1945,  p.  255)  listed  the  Tertiary  fossils,  Chione  cognata  Pritchard  and  C. 
etheridgei  Pritchard,  under  the  subgenus  Proxichione  which  was  placed  in  the 
genus  Antigona  Schumacher  1817.  Crespin  (1950,  p.  154)  retained  this  arrange¬ 
ment  when  she  recorded  Antigona  ( Proxichione )  cognata  (Pritchard)  from  the 
Lakes  Entrance  Oil  shaft  but,  later.  Keen  (1954,  p.  52)  synonymized  Proxichione 
with  Periglypta  Jukes-Browne  1914.  In  her  monograph  on  the  fauna  of  the  Dry 
Creek  Sands,  Ludbrook  (1955,  p.  65)  synonymized  Proxichione  with  Antigona 
and  recorded  A.  cognata  from  the  Dry  Creek  Sands,  comparing  this  species  with 
A.  listen  (Gray)  and  A.  reticulata  (Linnaeus).  The  latter  two  species,  however, 
while  strongly  resembling  the  Pliocene  shell,  are  generally  placed  in  Periglypta , 
a  similar  but  distinct  genus  which  has  not  been  found  fossil  in  SE.  Australia. 
Cotton  (1961,  p.  265)  has  also  compared  cognata  with  Periglypta  puerpera 
(Linnaeus),  type  species  of  Periglypta. 

Proxichione  belongs  to  a  group  of  genera  and/or  subgenera  which  resemble 
each  other  closely  as  they  have  rather  similar  radial  ribs  and  concentric  lamellae 
but  differ  in  details  of  hinge,  escutcheon,  and  pallial  sinus.  The  group  comprises 
Antigona  Schumacher  1817  (Type  species  A.  lamellaris  Schumacher),  Ameghin- 
omya  von  Ihering  1907  (Type  species  Chione  argentina  von  Ihering),  Periglypta 
Jukes-Browne  1914  (Type  species  Venus  puerpera  Linnaeus),  Proxichione  Iredale 
1929  (Type  species  P.  materna  Iredale),  and  Tigammona  Iredale  1930  (Type 
species  T.  persimilis  Iredale).  The  diagnostic  features  of  each  of  these  are  as 
follows: 

Antigona :  pallial  sinus  small  and  triangular;  left  anterior  lateral  LAII  well 
developed,  the  corresponding  socket  in  the  right  valve  well  defined. 

Periglypta :  pallial  sinus  large  and  rounded;  left  anterior  lateral  LAII  scarcely 
developed  and  missing  in  some  species;  escutcheon  prominently  grooved. 

Proxichione :  pallial  sinus  large  and  angular;  left  anterior  lateral  LAII  weakly 
developed;  escutcheon  normal  without  groove. 
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Tigammona :  similar  to  Proxichione,  possibly  the  only  differences,  apart  from 
size,  are  the  lamellae  which  are  not  recurved  and  the  depressed  or  concave 
escutcheon,  a  feature  which  may  or  may  not  be  well  developed.  Adult  specimens 
of  Tigammona  chemnitzi  (Hanley)  are  so  close  to  Proxichione  materna  that  they 
are  possibly  congeneric. 

Ameghinomya:  in  external  appearance  resembles  Periglypta  but  lacks  the 
grooved  escutcheon  (von  Ihering  1897,  PI.  7,  fig.  45).  The  interior  has  never  been 
adequately  figured.  Keen  (1954,  p.  53)  has  commented  on  our  meagre  knowledge 
of  the  genus. 


Distribution 

Proxichione  has  received  scant  attention  in  the  literature  and,  thus,  little  is 
known  of  its  present-day  distribution.  If  the  author’s  interpretation  of  the  living 
species  is  correct  it  occurs  on  the  E.  and  W.  coasts  of  Australia,  in  New  Guinea, 
and  possibly  in  the  Philippines.  The  genus  is  not  found  living  in  southern  New 
South  Wales,  Victoria,  and  South  Australia.  The  following  table  gives  the  strati- 
graphical  and  geographical  distribution  of  the  fossil  species. 


Proxichione 

etheridgei  (Pritchard  1903) 
hormophora  (Tate  1885) 


dimorphophylla  (Tate  1885) 
subtilicostata  sp.  nov. 

moondarae  sp.  nov. 

co  gnat  a  (Pritchard  1903) 


Janjukian 

Janjukian- 

Batesfordian 

Batesfordian 

Balcombian- 

Bairnsdalian 


Torquay,  Viet. 

Table  Cape,  Tas.; 
Torquay,  Birregurra, 
Gippsland,  Viet. 
Morgan,  S.A. 

W.  &  C.  Viet. 


Bairnsdalian  (?)-  Gippsland,  W.  &  C. 
Cheltenhamian  Viet. 

Kalimnan  W.  Viet.;  Adelaide,  S.A. 


Family  Veneridae 
Subfamily  Venerinae 
Genus  Proxichione  Iredale  1929 


Proxichione  Iredale  1929,  Austr.  Zool.  5  (4):  339. 

?  Tigammona  Iredale  1930,  Rec.  Austr.  Mus.  17  (9):  396. 


Type  species  (monotypy):  Proxichione  materna  Iredale  1929. 


Shell  large,  equivalve,  ovate  to  subtriangular;  umbones  prosogyral.  Sculpture 
of  strong  radial  ribs,  crossed  by  delicate  concentric  lamellae  which  are  corrugated 
at  the  contact  with  the  ribs.  In  most  species,  if  not  all,  the  corrugations  fade  out 
away  from  the  surface  of  the  valve  and  the  lamellae  are  recurved.  Lunule  sunken 
and  bounded  by  an  incised  line,  ornamented  with  thin  sharply  raised  lamellae 
continuous  with  the  lamellae  of  the  shell.  Escutcheon  well  developed,  broad  and 
elongate,  on  left  valve  somewhat  smooth  with  thin  growth  lines  continuous  with 
the  lamellae  of  the  shell,  on  right  valve  bearing  lamellae  continuous  with  those  of 
the  shell. 


Tooth  formula 


3a 

LAll  2a 


3b 

2b  4b 
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RV 

3a  lamellar;  1  narrow,  triangular  and  slightly  grooved;  3b  broad,  well  developed 
and  grooved  in  some  species,  the  groove  almost  splitting  the  tooth  into  two  halves. 
Socket  for  LAII  missing  or  weakly  developed.  Posterior  laterals  absent. 

LV 

LAII  generally  very  poorly  developed;  2a  narrow,  triangular;  2b  very  broad 
and  deeply  grooved;  4b  very  thin  and  elongate,  situated  close  to  the  nymph. 

Muscle  scars  subequal,  the  anterior  slightly  smaller.  Pedal  impression  separated 
from  the  anterior  scar  by  a  thin  ridge  of  callus.  Interior  of  valve  margins  denticulate, 
the  dcnticulations  suppressed  on  the  posterior  side. 

Proxichione  materna  Iredale  1929 
(PI.  24,  fig.  22-3) 

Proxichione  materna  Iredale  1929,  Austr.  Zool.  5  (4):  339,  PI.  37,  fig.  2-3. 

Location  of  Type:  Australian  Museum,  Sydney,  Holotype  C57838. 

Type  Locality:  Sydney  Harbour. 

Distribution:  Not  known. 

Remarks:  Venus  laqueata  Sowerby  and  Venus  chemnitzi  Hanley  are  very 
similar  to  Proxichione  materna  but  differ  in  not  having  recurved  lamellae.  If  these 
are  not  considered  to  be  congeneric,  the  distribution  of  the  genus  will  probably  be 
much  more  restricted  than  that  given  above. 

Proxichione  etheridgei  (Pritchard  1903) 

(PI.  21,  fig.  3;  PI.  22,  fig.  13;  PI.  24,  fig.  26-8) 

Chione  etheridgei,  Pritchard  1903,  Proc.  Roy.  Soc.  Viet.  15:  99,  PI.  12,  fig.  1.  Singleton  1945, 

ibid.  56:  2 55. 

Diagnosis:  A  Proxichione  with  a  short  rather  rounded  posterior  margin  and 
broad  flattened  ribs.  Tooth  4b  well  developed  and  well  separated  from  the  nymph. 

Description:  Shell  elongate,  oval;  umbones  high  and  pointed,  curved  anteriorly; 
posterior  end  generally  attenuated,  rarely  truncated.  Ornament  of  closely  spaced 
rather  wide  and  flattened  ribs  which  occasionally  bifurcate,  particularly  towards  the 
anterior  end.  At  about  5  cm  from  the  umbo  there  are  11-14  ribs/2  cm. 

In  the  left  valve,  tooth  4b  is  well  developed  and  separated  from  the  nymph 
by  a  wide  groove. 

Dimensions: 

MUGD  1752  LV  L  65  H  52  T18  12  ribs/2  cm 

P23715  RV  64  52  17  12  „  „  )  Ledge,  Bird 

P23720  RV  58  50  17  11  „  „  )  Rock  Cliffs 

Location  of  Types: 

Holotype,  Melb.  Uni.  Geol.  Dept  MUGD  1752. 

Hypotypes,  Nat.  Mus.  Viet.  P23715,  P23720  Cudmore  Collection. 

Type  Locality:  Lower  beds  at  Bird  Rock  bluff  near  Torquay.  Jan  Juc  forma¬ 
tion,  Janjukian. 

Stratigraphic  Range:  Janjukian,  Jan  Juc  formation  but  not  the  ‘ Chione  beds’. 

Occurrence:  Common  in  the  strata  beneath  Bird  Rock  cap  including  Ad  21, 
Ad  22,  Ad  23,  and  the  lower  part  of  Ad  24  (Geological  Survey  localities). 
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Material:  Type  specimen.  3  specimens  from  Ad  21,  P2362-8;  2  specimens 
from  Ad  22  P23629-30;  P23631  from  Ad  23;  2  specimens  from  Ad  24  P23632-36 
and  31  other  specimens  P23644-23673. 

Remarks:  The  coarse  ribs,  triangular  shape,  and  nature  of  tooth  4b  distinguish 
this  species  from  all  others  of  the  genus. 

Proxichione  hormophora  (Tate  1885) 

(PI.  21,  fig.  2;  PI.  22,  fig.  11-2;  PI.  23,  fig.  16-7) 

Chione  ( Timoclea )  hormophora  Tate  1885,  Proc.  Roy.  Soc.  Tas.  for  1884:  230.  Tate  1887 

Trans.  Roy.  Soc.  S.  Aust.  9:  155,  PI.  15,  fig.  la,  b. 

Diagnosis:  A  Proxichione  with  a  large  posterior  margin  truncating  the  dorsal 
and  ventral  margins;  dorsal  and  ventral  margins  sub-parallel;  the  whole  valve 
rounded  in  outline. 

Description:  Shell  sub-circular  to  elongate  oval,  somewhat  inflated;  umbones 
low,  strongly  curved  anteriorly  and  not  produced  beyond  the  dorsal  outline* 
posterior  end  not  attenuated;  posterior  margin  truncating  dorsal  and  ventral  margins* 
Ornament  of  closely  spaced  fine  ribs,  20-29  ribs/2  cm  at  about  5  cm  from"  the 
umbo.  In  the  left  valve,  tooth  4b  is  almost  in  contact  with  the  nymph. 

Dimensions: 

Til 56  LV  L  65  H  59  T22  28  ribs/2  cm  Lower  bed 

P2818  LV  63  50  19  24  „  „  Upper  bed 

P23687  LV  59  50  19  20  „  „  ‘ Chione  bed’ 

Location  of  Types: 

Holotype,  Tate  Museum,  Geol.  Dept,  Adelaide  Uni.,  Til 56. 

Hypotypes,  Nat.  Mus.  Viet.  P2818  Atkinson  Collection;  P23687  Colliver 
Collection. 

Type  Locality:  Table  Cape’.  The  colour  of  the  specimen  indicates  that  it 
was  collected  from  the  basal  grits  or  ‘Crassatella!  bed  at  Fossil  Bluff  near  Wynyard 
Tasmania.  Freestone  Cove  Sandstone,  Longfordian. 

Stratigraphic  Range:  Uppermost  Janjukian-Batesfordian.  The  species  occurs 
at  Torquay  in  the  ‘ Chione  beds’  which  are  either  uppermost  Janjukian  or  lower¬ 
most  Longfordian  according  to  the  position  of  the  top  boundary  of  the  Janjukian. 
The  age  of  the  Freestone  Cove  Sandstone  is  considered  to  be  Longfordian  (D  J 
Taylor  pers.  comm.  Dec.  1964). 

Occurrence:  Freestone  Cove  Sandstone  and  Fossil  Bluff  Sandstone  at  Fossil 
Bluff  ‘ Chione  beds’  Bird  Rock  cliffs,  Torquay,  Viet. 

Lower  bed  at  Skinners,  SW.  comer  of  allotment  29,  Parish  of  Wuk  Wuk 
Gippsland,  Viet. 

?  Birregurra,  Viet. 

Material:  Type  specimen  and  6  topotypes  P23614-8,  P23625.  Fossil  Bluff 
Sandstone  6  specimens  P236 19-24.  4 Chione  beds’,  Torquay  5  specimens  P23685- 
90,  P23676-7,  P23803.  Skinners  4  specimens  P23855-8. 

Remarks:  This  species  closely  resembles  Proxichione  dimorphophylla  Tate 
but  differs  in  having  a  more  rounded  outline,  a  more  strongly  curved  umbo,  and 
the  posterior  end  not  attenuated.  Chidley’s  drawing  of  Tate’s  single  specimen  is 
very  good  though  the  concentric  lamellae  are  somewhat  restored.  The  Birregurra 
record  is  based  on  a  single  small  specimen  from  the  Mulder  Collection  P23809. 
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Proxichionc  dimorphophylla  Tate  1885 
(PI.  21,  fig.  1;  PI.  22,  fig.  8-10) 

Chione  ( Timoclea )  dimorphophylla  Tate  1885,  Proc.  Roy.  Soc.  Tas.  for  1884:  230.  Tate 

1887,  Trans.  Roy.  Soc.  S.  Aust.  9:  155,  PI.  15,  fig.  3a,  b. 

Diagnosis:  An  elongate,  ovate  Proxichione  with  a  somewhat  attenuated 
posterior  end  and  fine  radial  ribs. 

Description:  Shell  elongate  oval;  umbones  prosogyral  and  protruding  beyond 
the  dorsal  outline.  Posterior  end  slightly  attenuated  and  then  truncated.  Ornament 
of  fine  ribs  about  23-30  ribs/2  cm  at  about  5  cm  from  the  umbo. 

Dimensions: 

Holotype  1155  D  Pair  L  57  H  46  T  33  23  ribs/2  cm 
Hypotype  1155  C  RV  55  45  17  23  „  „ 

Location  of  Types:  Tate  Museum,  Geol.  Dept,  Adelaide  Uni.,  Holotype 
T1155D,  Hypotype  T1155C. 

Type  Locality:  ‘River  Murray  Cliffs’  South  Australia.  ‘4  miles  downstream 
from  Morgan  on  the  east  bank  of  the  River  Murray  on  Section  C,  hundred  of 
Cadell’.  (Ludbrook  1961,  p.  53.)  Cadell  Marl  lens  of  the  Morgan  Limestone. 
Batesfordian. 

Stratigraphic  Range:  Batesfordian. 

Occurrence:  Type  locality. 

Material:  Type  specimens  and  73  topotypes  P23730-23802. 

Remarks:  The  specimen  which  is  taken  as  the  holotype  is  the  only  pair  with 
correct  dimensions  in  Tate’s  series.  Chidley’s  Fig.  3b  gives  a  reasonably  accurate 
representation  of  the  specimen  but  Fig.  3  a  has  the  concentric  lamellae  much 
restored.  Tate  mentions  only  one  specimen  and  the  pair  taken  as  the  holotype  is 
the  only  specimen  which  resembles  Fig.  3a. 

Proxichione  subtilicostata  sp.  nov. 

(PI.  21,  fig.  4-7) 

Etymology:  Latin  subtilis  thin  or  slender  and  costa  a  rib,  referring  to  the  fine 
ribs  of  the  species. 

Diagnosis:  An  elongate  ovate  Proxichione  with  very  fine  radial  ribs  and  large 
posterior  margin. 

Description:  Shell  elongate  ovate  to  subrectangular;  umbones  curved  anteriorly 
protruding  a  little  from  the  dorsal  outline.  Dorsal  margin  somewhat  declined 
posteriorly,  abruptly  truncated  by  the  posterior  margin.  Radial  ornament  of  very 
fine  ribs,  30-40  ribs/2  cm  at  about  5  cm  from  the  umbo. 

Dimensions: 

Holotype  RV  P23822  L  63  H  50  T20  40  ribs/2  cm 

Paratype  LV  P23831  59  51  20  35  „  „ 

Paratype  LV  T1155B  52  43  17  32  „  „ 

Location  of  Types:  Nat.  Mus.  Viet..  Holotype  P23822,  Paratype  P23831 
Pritchard  Collection. 

Tate  Museum,  Geol.  Dept,  Adelaide  Uni.,  paratype  T1155B  Tate  Collection. 
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Type  Locality:  Clifton  Bank,  Muddy  Ck,  Hamilton,  Victoria,  Muddy  Creek 
Marl,  Balcombian. 

Stratigraphic  Range:  Balcombian-Bairnsdalian. 

Occurrence: 

Balcombian.  Type  locality. 

Grange  Burn,  W.  bank  downstream  from  the  small  bridge. 

Grange  Burn,  downstream  end  of  Porphyry  Gorge  P23925. 

Shelford  P23844. 

Murgheboluc  section  4a  near  junction  of  Bruces  Ck  and  Barwon  R.  P23839. 
Murgheboluc  section  2b  on  Barwon  R.  P23845. 

Mureheboluc  West  P23838. 

?  Native  Hut  Ck  P23 840-1. 

?  Altona  Bay  coal  shaft  P23837. 

Ad  28  Orphanage  Hill  Fyansford  P23846. 

Baimsdalian.  Ad  15  Western  Beach  Geelong  P23 847-54. 

Grices  Ck  downstream  section  P23 872-6. 

S.  of  Manyung  Rocks  P23867,  P23877,  J23869-70. 

Material:  Type  specimens  and  24  topotypes  P238 11-35. 

Remarks:  This  widely  occurring  species  was  for  many  years  identified  as 
Proxichione  dimorphophylla  but  differs  from  the  latter  in  having  much  finer  ribs 
and  a  large  posterior  end  which  is  not  attenuated.  The  author  is  grateful  to  Mr  P. 
Singleton  for  his  suggestion  of  the  specific  name. 

Proxichione  moondarae  sp.  nov. 

(PI.  23,  fig.  18-21) 

Antigona  ( Proxichione )  cognata  (Pritchard)  Crespin  1950,  Proc.  Roy.  Soc.  Viet.  60*  154 
PI.  14,  fig.  5.  *  ’ 

Etymology:  Moondara,  place  name  of  the  type  locality. 

Diagnosis:  An  ovate  Proxichione  with  a  broad  posterior  margin  and  broad 
flattened  radial  ribs. 

Description:  Shell  oval,  umbones  curved  anteriorly  somewhat  protruding; 
posterior  margin  large  but  scarcely  differentiated  from  the  ventral  margin.  Radial 
ornament  of  broad  flattened  ribs  10-15  ribs/2  cm  at  about  5  cm  from  the  umbo. 

Dimensions: 

Holotype  P23082  RV  L  63  H  54  T20  14  ribs/2  cm 

Paratype  P23083  LV  63  54  19  13  „  „ 

Paratype  FI 7004  RV  59  51  19  14  „  „ 

Location  of  Types:  Nat.  Mus.  Viet.  Holotype  P23082,  Paratype  P23083. 

Tate  Museum,  Geol.  Dept,  Adelaide  Uni.,  Paratype  FI 7004.  All  collected  by 

T.  A.  Darragh. 

Type  Jocality:  Moondara  Farm  G.S.V.  F  72  Bairnsdale  Sheet.  Grid  Refer¬ 
ence  512341.  See  Darragh  1965,  p.  103.  Tambo  River  Formation.  Uppermost 
Mitchellian. 

Stratigraphic  Range:  Bairnsdalian-Cheltenhamian. 
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Occurrence: 

Bairnsdalian  Lake  Bullenmerri  P23859-66. 

Warrambine  Ck  near  Inverleigh,  Geelong  Sheet  090982, 
P23084. 

Rutledges  Beach  near  Port  Campbell  P23908. 

Mitchellian  Type  Locality. 

Cheltenhamian  Beaumaris,  shell  band  at  base  of  cliff  P23902-6. 

Mississippi  Ck,  Tramway  Cutting  G.S.V.  F  2  Bairnsdale 
Sheet  878332,  P23889-92. 

Material:  Type  specimens  and  10  topotypes.  Much  of  the  other  material  is  in 
the  form  of  fragments  or  single  specimens  from  the  various  localities. 

Remarks:  The  specimens  which  come  from  the  Bairnsdalian  localities  and 
Beaumaris  possibly  differ;  however,  until  more  material  is  available  the  matter  is 
in  doubt.  The  form  of  radial  rib  recalls  Proxichione  etheridgei ,  but  that  species  is 
more  triangular  than  P.  moondarae  having  a  higher  umbo  and  smaller  posterior 
margin. 


Proxichione  cognata  (Pritchard  1903) 

(PI.  22,  fig.  14-5;  PI.  24,  fig.  24-5) 

Chione  cognata  Pritchard  1903,  Proc.  Roy.  Soc .  Viet.  15:  101,  PI.  12,  fig.  5.  Singleton  1945, 
ibid.  56:  255. 

Antigona  ( Antigona )  cognata  (Pritchard)  Ludbrook  1955,  Trans.  Roy.  Soc.  S.  Aust.  78:  66. 

Diagnosis:  An  elongate  Proxichione  with  a  broad  posterior  margin,  posterior 
end  of  valve  little  attenuated  and  with  dorsal  and  ventral  margins  subparallel. 

Description:  Shell  elongate,  almost  rectangular,  very  little  inflated;  umbones 
strongly  curved  anteriorly  and  not  produced  beyond  the  dorsal  outline.  Posterior 
end  very  little  attenuated;  dorsal  and  ventral  margins  truncated  by  the  large 
posterior  margin.  Ornament  of  fine  ribs,  24  ribs/2  cm  at  5  cm  from  umbo  (meas¬ 
urement  from  2  valves  only). 

Dimensions: 

Holotype  MUGD  1755  LV  L  68  H  53  T  19  24  ribs/2  cm 

Hypotype  P23894  RV  70  54  21  24  „  „ 

Location  of  Types:  Holotype,  Melb.  Uni.  Geol.  Dept  MUGD  1755. 
Hypotype,  Nat.  Mus.  Viet.  P23894. 

Type  Locality:  ‘Grange  Bum  below  Forsyths’,  Hamilton,  Victoria.  The  blue 
grey  coloration  of  the  valves  indicates  that  the  holotype  and  hypotype  both  came 
from  the  silty  clay  bed  at  creek  level  which  is  immediately  above  the  nodule  bed. 
Grange  Burn  Formation.  Kalimnan. 

Stratigraphic  Range:  Kalimnan  to  Dry  Creek  Sands. 

Occurrence:  Type  locality. 

Abattoirs  Bore,  Adelaide,  South  Australia  P23895-7,  P23899. 

Material:  Types  and  4  broken  valves  from  Abattoirs  Bore. 

Remarks:  The  exact  nature  of  this  species  is  in  doubt  because  only  two 
specimens  from  the  type  locality  are  known,  i.e.  the  type  and  a  specimen  in  the 
Pritchard  Collection  which  may  be  the  specimen  belonging  to  T.  S.  Hall  mentioned 
in  Pritchard’s  original  description.  There  is  no  specimen  of  Chione  cognata  in  the 
T.  S.  Hall  Collection  in  the  National  Museum. 


172 


THOMAS  A.  DARRAGH 


The  specimens  from  the  Abattoirs  bore  are  fragmentary  but  the  nature  of  the 
ribbing  and  the  outline  of  the  anterior  dorsal  margin  match  that  of  Proxichione 
cognata  from  Grange  Burn.  Ludbrook  (1955,  p.  66)  has  recorded  the  species  from 
other  bores  penetrating  the  Dry  Creek  Sands. 

This  species  is  very  similar  in  general  appearance  to  Proxichione  hormophora 
but  is  not  as  inflated  and  is  much  more  elongate. 
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Explanation  of  Plates 

Fig.  2,  4-7,  14-21,  26-28  are  from  photographs  by  Mr  Frank  Guy.  Fig.  3,  8-13, 

24-25  are  from  photographs  by  the  author.  Fig.  22-23  are  from  Australian 
Museum  photographs  by  Mr  C.  V.  Turner  (Copyright  reserved). 

Plate  21 

Fig.  1 — Proxichione  dimorphophylla  (Tate)  T1155C,  hypotype  external  right  valve,  R.  Murray 
4  miles  below  Morgan,  S.A.,  X  1. 

Fig.  2 — Proxichione  hormophora  (Tate)  P23687,  hypotype  external  left  valve,  ‘ Chione  bed’, 
Torquay,  Viet.,  X  1. 

Fig.  3 — Proxichione  etheridgei  (Pritchard),  MUGD  1752,  holotype  internal  left  valve, 
Torquay,  Viet.,  X  I. 

Fig.  4 — Proxichione  subiilicostata  sp.  nov.,  P23831,  paratype  external  left  valve,  Clifton 
Bank,  Muddy  Ck,  Viet.,  X  1. 
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Fig.  5 — ditto,  paratype  internal  left  valve,  X  1. 

Fig.  6 — ditto,  P23822,  holotype  external  right  valve,  X  1. 

Fig.  7 — ditto,  holotype  internal  right  valve,  X  1. 

Plate  22 

Fig.  8 — Proxichione  dimorphophylla  (Tate),  T1155D,  holotype  internal  left  valve,  R.  Murray 
4  miles  below  Morgan,  S.A.,  X  1. 

Fig.  9 — ditto,  holotype  external  left  valve,  X  1. 

Fig.  10 — ditto,  holotype  internal  right  valve,  X  1. 

Fig.  11 — Proxichione  hormophora  (Tate),  T1156,  holotype  internal  left  valve,  lower  bed 
Fossil  Bluff  near  Wynyard,  Tas.,  X  i- 

Fig.  12 — ditto,  holotype  external  left  valve,  X  i- 

Fig.  13 — Proxichione  etheridgei  (Pritchard),  MUGD  1752  holotype  external  left  valve, 
Torquay,  Viet.,  X  I. 

Fig.  14 — Proxichione  cognata  (Pritchard),  P23894,  holotype  external  right  valve,  Grange 
Burn,  Hamilton,  Viet.,  x  l. 

Fig.  15 — ditto,  hypotype  internal  right  valve,  X  1. 

Plate  23 

Fig.  16 — Proxichione  hormophora  (Tate),  P2818,  hypotype  internal  right  valve,  upper  bed 
Fossil  Bluff  near  Wynyard,  Tas.,  X  1. 

Fig.  17 — ditto,  hypotype  external  right  valve,  X  1. 

Fig.  18 — Proxichione  moondarae  sp.  nov.,  P23082,  holotype  internal  right  valve,  Moondara 
Farm,  Mitchell  R.,  Gippsland,  Viet.,  X  1. 

Fig.  19 — ditto,  holotype  external  right  valve,  X  1. 

Fig.  20 — ditto,  P23083,  paratype  external  left  valve,  X  1. 

Fig.  21 — ditto,  paratype  internal  left  valve,  X  1. 

Plate  24 

Fig.  22 — Proxichione  materna  Iredale,  C57838,  holotype  internal  left  valve,  Sydney  Harbour, 
N.S.W.,  X  i. 

Fig.  23 — ditto,  holotype  external  left  valve,  X  L 

Fig.  24 — Proxichione  cognata  (Pritchard)  MUGD  1755,  holotype  external  left  valve,  Grange 
Burn,  Hamilton,  Viet.,  X  i. 

Fig.  25 — ditto,  holotype  internal  left  valve,  X  i- 

Fig.  26 — Proxichione  etheridgei  (Pritchard),  P23720,  hypotype  external  right  valve,  Torquay, 
Viet.,  X  1. 

Fig.  27 — ditto,  P23715,  hypotype  internal  right  valve,  X  1. 

Fig.  28 — ditto,  hypotype  external  right  valve,  X  1. 


PROC.  ROY.  SOC.  VICT.  79  PLATE  21 


PROC.  ROY.  SOC.  VICT.  79  PLATE  22 


9 


PROC.  ROY.  SOC.  VICT.  79  PLATE  23 


PROC.  ROY.  SOC.  VICT.  79  PLATE  24 


23 


13 


AN  ECHINOID  FROM  THE  LOWER  CARBONIFEROUS 
OF  NORTH-WEST  AUSTRALIA 

By  G.  A.  Thomas 

Geology  Department,  University  of  Melbourne 

Abstract 

The  first  Carboniferous  echinoid  from  Australia  is  described  from  the  Septimus  Limestone 
at  Mt  Septimus,  Bonaparte  Gulf  Basin,  Western  Australia.  The  single  specimen  is  an  mcom- 
plete  palaechinid  probably  referable  to  Oligoporus  Meek  &  Worthen.  Palaechinids  are 
otherwise  known  from  Western  Europe,  Russia,  North  America,  and  China. 

Introduction 

As  far  as  known,  no  other  Carboniferous  echinoids  have  been  described  from 
Australia;  Jones  (1958,  p.  37)  has  recorded  echinoid  spines  and  tubercles  from 
bore  cuttings  at  Laurel  Downs  in  the  Fitzroy  Basin.  The  specimen  was  collected 
by  the  writer  in  September  1963  while  visiting  a  field  party  of  the  Commonwealth 
Bureau  of  Mineral  Resources,  Geology  and  Geophysics.  Echinoids  are  very  rare 
in  Australian  Palaeozoic  rocks;  rare  Permian  (originally  ‘Permo-Carboniferous’) 
species  from  New  South  Wales  and  Queensland  were  recorded  by  Etheridge  in 
1892  The  new  specimen  is  evidently  a  melonechinoid  and  appears  to  be  referable 
to  Oligoporus  Meek  &  Worthen.  The  melonechinoids  are  an  interesting  and  rather 
well  known  group  of  Palaeozoic  echinoids.  Best  known  from  the  Mississippian  of 
North  America  and  the  Lower  Carboniferous  of  Europe,  they  comprise  two  families: 
the  very  rare  Cravenechinidae  Hawkins  and  the  Palaechinidae  McCoy. 

The  latter  family  includes  5  genera:  Palaechinus  McCoy,  Maccoya  Pomel, 
Lovenechinus  Jackson,  Oligoporus  Meek  &  Worthen,  and  Melonechinus  Meek  & 
Worthen  Mortensen  (1935,  following  Jackson  1912)  recorded  all  genera  as 
possessing  rigid  high  spheroidal  or  elliptical  tests  with  two  or  more  columns  of 
plates  in  the  ambulacra  and  four  or  more  columns  (exceptionally  three)  in  the 
interambulacra.  The  tubercles  are  imperforate,  small  and  uniform  in  size;  the 
spines  are  small  and  uniform.  The  5  genera,  in  the  order  listed,  display  a 
progressive  complication  of  the  ambulacral  plates.  The  number  of  columns  of 
plates  and  the  number  of  series  of  pore-pairs  show  a  progressive  increase.  Thus, 
the  ambulacra  of  Palaechinus  consist  of  two  columns  of  primary  plates  with  a 
regular  single  series  of  pore-pairs  on  each  side.  The  pore-pairs  are  biserial  on  each 
side  in  Maccoya  and  Lovenechinus ,  triserial  in  Oligoporus,  and  multiserial  in 
Melonechinus  (up  to  six  series  on  each  side).  The  ambulacral  features  are  best 
developed  at  the  ambitus  or  mid-zone.  Towards  either  pole  the  ambulacra  are 
simpler  and  resemble  the  ambital  structures  of  the  more  primitive  genera.  Generic 
subdivision  is  based  on  the  complexity  of  the  ambulacral  structure.  Mortensen 
(1935,  p-  36)  wrote:  ‘the  limits  of  the  genera  may  be  regarded  as  in  some  way 
artificial;  the  passage  from  the  simpler  type  of  ambulacral  structure  to  the  more 
complicate  types  is  very  gradual,  the  divers  genera  clearly  representing  an  unbroken 
direct  ascending  line’.  Mortensen’s  presentation  of  the  available  data  showed  that 
the  successive  morphological  stages  followed  in  stratigraphic  succession  in  the 
Mississippian  but  that  the  temporal  succession  appeared  to  be  somewhat  ambiguous 
for  Europe.  Kier  (1965,  p.  463)  stated,  however,  that  the  stratigraphic  occurrence 
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of  most  of  these  echinoids  has  never  been  defined  more  precisely  than  ‘Early 
Mississippian’. 

The  palaechinids  can  attain  considerable  size;  a  species  of  Melonechinus  is 
recorded  as  15  5  cm  in  diameter  at  the  ambitus  and  115  cm  in  height. 

Durham  &  Melville  (1957)  substituted  Palaechinoida  Haeckel  for  Melon- 
echinoida  Mortensen  but  this  usage  has  not  been  followed  here. 

Systematic  Description 

Order  Melonechinoida  Mortensen  1935 
Family  Palaechinidae  McCoy  1849 
Genus  Oligoporus  Meek  and  Worthen 
Type  species  Oligoporus  danae  (Meek  &  Worthen) 

Oligoporus  (?)  sp. 

(PI.  25,  fig.  1,  2) 

Description:  The  unique  specimen  (Melb.  Uni.  Geol.  Dept  No.  3600)  is 
rather  coarsely  silicified;  it  is  partly  embedded  in  fine-grained  calcareous  sandstone. 
Portions  of  two  interambulacra  and  an  ambulacrum  are  present.  Although  the  polar 
plates  are  obscured,  it  is  probable  that  the  specimen  is  from  the  adapical  surface 
of  the  corona.  The  convergence  of  the  columns  suggests  that  the  specimen  is  from 
the  vicinity  of  the  apical  disc  rather  than  the  peristome.  The  figures  of  various 
palaechinids  illustrated  by  Jackson  (1912)  indicate  that  the  peristome  is  con¬ 
siderably  wider  than  the  apical  disc.  There  appears  not  to  be  sufficient  space  in  the 
specimen,  if  it  is  from  a  mature  individual,  for  a  full-size  peristome.  The  incomplete 
interambulacra  show  four  columns  of  plates,  the  adambulacral  plates  being 
pentagonal  and  the  median  hexagonal.  The  sutures  of  the  median  plates  are  simple 
and  vertical,  while  the  adradial  sutures  bevel  under  the  ambulacral  plates.  The 
surface  of  the  plates  is  now  finely  granular,  the  result  in  part  of  silicification,  but 
some  of  the  granules  are  probably  fine  tubercles.  No  coarse  tubercles  are  present. 
The  largest  median  interambulacral  plates  are  about  2  mm  thick. 

The  incomplete  ambulacrum  is  not  well  preserved  and  the  details  of  the  columns 
of  plates  are  obscured  by  the  coarse  silicification.  There  appear  to  be  four  main 
columns  though  only  the  median  and  marginal  sutures  are  distinct.  The  pore-pairs 
can  be  made  out  in  part,  the  marginal  series  being  the  most  obvious.  There  are 
certainly  two  series  of  pore-pairs  in  each  half  of  the  ambulacrum  and  the  slight 
suggestion  of  a  third  series  of  more  scattered  pores.  The  details  of  the  demi, 
isolated  (if  any),  and  occluded  columns  of  plates  cannot  be  distinguished.  Trans¬ 
versely,  both  the  ambulacrum  and  inter-ambulacra  are  convex  (with  different 
curvatures)  indicating  that  the  complete  specimen  had  the  melon-like  meridional 
ribs,  radiating  from  apical  disc  to  peristome,  characteristic  of  Lovenechinus, 
Oligoporus,  and  Melonechinus.  The  size  of  the  complete  individual  is  not  known.’ 

Remarks:  Although  incomplete,  the  specimen  displays  a  number  of  the 
diagnostic  features  of  the  Palaechinidae.  Thus,  it  possesses  the  thick  finely 
tuberculate  interambulacral  plates  in  at  least  four  columns,  there  being  undoubtedly 
more  columns  at  the  ambitus.  The  adradial  sutures  of  the  adambulacral  plates 
bevel  under  the  ambulacrum.  The  pore-pairs  occur  in  two  series  and  just  possibly 
three  on  each  side  of  the  ambulacrum.  Maccoya  and  Lovenechinus  both  possess 
two  series  of  pore-pairs  at  the  mid-zone  but  only  one  at  the  ends  of  the  ambulacra. 
The  series  are  more  widely  separated  in  Lovenechinus  which  possesses  four 
columns  of  plates  at  the  mid-zone  (Fig.  1a).  In  our  specimen  the  columns  of 
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Fig.  1 — A.  Lovenechinus  missouriensis  (Jackson),  type  species  of  Lovenechinus.  After 
Jackson  (1912,  PI.  42,  fig.  2,  X  3-3).  Ambulacrum  near  the  mid-zone,  showing  four 
columns  of  demi-  and  occluded  plates  and  biserial  pore-pairs.  Also  shows  adam- 
bulacral  plates  with  tubercles. 

B.  Oligoporus  danae  (Meek  &  Worthen),  type  species  of  Oligoporus.  After  Jackson 
(1912,  PI.  50,  fig.  7,  X  2-4).  Ambulacrum  near  the  mid-zone,  showing  columns 
of  demi-  and  occluded  plates  and  scattered  isolated  plates.  Pore-pairs  are  triserial. 

plates  are  obscured  but  the  two  main  series  of  pore-pairs  are  fairly  widely  separated 
as  in  Lovenichinus  and  Oligoporus  (Fig.  1a,  b).  The  third  series  of  pore-pairs,  if 
certainly  present,  could  indicate  either  Oligoporus  or  Melonechinus .  Unfortunately, 
the  structure  at  the  ambitus,  where  maximum  development  occurs,  is  not  known. 
In  Oligoporus  danae  Meek  &  Worthen,  the  scattered  third  series  of  pore-pairs  which 
is  present  at  the  mid-zone  fails  towards  the  ends  of  the  ambulacra  and  the  structure 
becomes  similar  to  that  of  Lovenechinus  at  the  mid-zone.  Melonechinus  can 
probably  be  excluded  as  there  is  only  slight  indication  of  three  series  of  pore-pairs 
and  certainly  there  are  no  more  on  each  side.  Also,  in  Melonechinus ,  the  melon¬ 
like  ribs  formed  by  the  ambulacra  tend  to  be  wider  and  arched  up  in  the  middle. 
On  balance,  the  specimen  seems  best  referred  provisionally  to  Oligoporus.  Although 
agreeing  in  general  with  the  known  speceis  of  Oligoporus ,  the  specimen  does  differ 
slightly  from  previously  described  forms.  However,  as  it  is  incomplete  and  the  size 
and  variability  cannot  be  determined,  it  is  not  named  as  a  new  species.  Mortensen 
(1935)  and  Jackson  (1912)  have  recorded  5  species  of  Oligoporus ,  all  from  the 
Mississippian  of  North  America,  ranging  from  the  Keokuk  to  the  St  Louis  (Upper 
Osagean  to  Meramecian).  Lovenechinus  is  represented  by  3  species  in  the  Lower 
Carboniferous  of  Western  Europe  and  5  in  the  Mississippian  of  North  America 
(Middle  Osagean  to  Lower  Meramecian).  The  other  palaechinid  genera  have  been 
described  from  the  Mississippian,  and  from  the  Lower  Carboniferous  of  Ireland, 
Britain,  Belgium,  France,  Germany,  Russia,  and  China. 
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Occurrence:  About  200  ft  below  top  of  Septimus  Limestone,  on  NE.  slope 
of  Mt  Septimus,  Bonaparte  Gulf  Basin,  NW.  Australia.  A  general  locality  map 
appears  in  Thomas  (1965,  Fig.  1). 

Associated  Faunas  and  Age:  The  Septimus  Limestone,  approximately  600  ft 
thick,  contains  a  varied  fauna  of  brachiopods,  rugose  and  tabulate  corals,  bryozoans, 
crinoids,  rare  blastoids — cf.  Pentremites ,  pelecypods  and  gasteropods,  ostracods 
and  conodonts.  The  brachiopods  are  generally  the  most  common  fossils,  and  the 
assemblage  is  of  normal  mixed  neritic  type.  Silicification  is  widespread  throughout 
the  formation. 

The  age  of  the  faunas  is  discussed  in  Thomas  (1962,  1965).  The  brachiopods 
suggest  an  Early  Visean  age.  The  known  range  of  Oligoporus  from  Osagean  to 
Meramecian,  which  are  equivalent  to  part  of  the  Visean,  is  consistent  with  the 
brachiopod  evidence. 
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Explanation  of  Plate 

Plate  25 

Fig.  1 — Oligoporus  (?)  sp.  MUGD  3600,  X  1.  Septimus  Limestone,  Mt  Septimus,  Bonaparte 
Gulf  Basin,  NW.  Australia. 

Fig.  2 — Oligoporus  (?)  sp.  Same  specimen,  X  4  4,  showing  portions  of  an  ambulacrum  and 
two  interambulacra. 
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THE  STRATIGRAPHIC  AND  DIASTROPHIC  EVOLUTION  OF  CENTRAL 
AND  EASTERN  VICTORIA  IN  MIDDLE  PALAEOZOIC  TIMES 

By  John  A.  Talent 

Geological  Survey  of  Victoria 

Abstract 

A  mosaic  of  marine  and  non-marine  sedimentation  in  C.  and  E.  Victoria  in  Silurian  and 
Devonian  times  is  intimately  connected  with  diastrophic  events.  These  are  expressed  as 
unconformities,  breaks  in  sedimentation,  and  fluctuating  lithofacies  relationships.  More  important 
among  these  are:  the  unconformity  between  the  Cowombat  Group  and  Timbarra  Formation 
in  E.  Victoria;  the  unconformity  between  the  Waratah  Limestone  and  Cambrian  greenstones 
at  Waratah  Bay;  the  unconformity  between  the  Waratah  and  Bell  Point  limestones;  the 
variation  from  near-shore  Mclvor  and  Mt  Ida  formations  to  graptolitic  sediments  eastwards 
in  the  early  Devonian  and  latest  Ludlovian  of  C.  Victoria;  the  regression  of  the  Lower 
Devonian  sea  from  C.  Victoria  indicated  by  the  Cathedral  Beds;  the  block  faulting  and 
planation  of  the  Snowy  River  Volcanics  prior  to  deposition  of  the  Buchan  Group"  The 
withdrawal  of  the  Lower  Devonian  sea  from  C.  Victoria  more  or  less  coincides  with  the 
onset  of  stable  shelf  sedimentation  (Buchan  Group)  in  the  E.  part  of  the  State,  to  be 
followed  by  the  Tabberabberan  deformation,  vulcanism,  and  non-marine  sedimentation 
throughout  the  State. 

Introduction 

Biostratigraphic  and  structural  investigations  of  the  Middle  Palaeozoic  of 
Victoria  in  recent  years  have  been  directed  towards  elucidating  the  structural  and 
stratigraphic  evolution  of  the  State  (Talent  1956a,  1956b,  1959a,  1960,  1963, 
1964;  Teichert  &  Talent  1958;  Philip  1960a,  1960b,  1962a;  Fletcher  1963; 
Schleiger  1964a,  1964b;  Williams  1964;  Moore  1965;  Couper  1965).  Concurrent 
with  this,  attention  has  been  directed  towards  discrimination  of  a  succession  of 
faunas,  particularly  in  the  more  fossiliferous  Ludlow-Eifelian  part  of  the  column, 
which  it  may  then  be  possible  to  use  for  tying  in  sequences  with  structural 
complication  or  where  poor  exposures  prevent  discrimination  of  the  stratigraphic 
succession.  The  sequence  of  faunas  thus  derived  has  been  tied  in  with  the  standard 
graptolite  and  tentaculite  sequences  as  far  as  international  zones  have  been 
recognized.  Discrimination  of  the  ages  of  other  faunas,  of  necessity,  has  been  done 
by  interpolation  and,  for  higher  horizons,  by  extrapolation,  relying  principally  on 
the  incoming  of  new  forms  of  brachiopods  and,  to  a  lesser  degree,  on  a  few  other 
invertebrates.  The  resultant  pattern  (Fig.  2),  though  based  on  a  wide  range  of 
unpublished  information,  remains  tentative  and  will  doubtless  be  subject  to 
refinement  when  other  less  widely  distributed  groups,  principally  the  corals,  tentacu- 
litids,  trilobites,  ostracodes,  and  conodonts  have  been  exhaustively  monographed 
and  evolutionary  lineages  worked  out.  Continued  refining  of  this  system  should 
provide  a  useful  accessory  standard  for  correlation  of  Bohemian  province  Lower 
Devonian  faunas  elsewhere  in  Australia  and  Eurasia. 

The  correlations  given  here  (Fig.  2)  leave  the  question  of  the  Silurian-Devonian 
boundary  open,  though  of  recent  years  the  Ludlow  Bone  Bed  has  tended  to  be 
taken  as  the  base  of  the  Devonian.  This  is  in  harmony  with  the  position  taken  by 
most  workers  involved  with  the  classical  sequences  of  W.  Europe  (e.g.  White 
1950)  and  is  the  position  adopted  by  the  Geological  Survey  of  Great  Britain.  The 
Downtonian  and  Dittonian  are  therefore  to  be  regarded  as  of  Devonian  age,  their 
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fish  zones  having  been  tied  in  with  the  Gedinnian  and  Siegenian  of  W.  Europe 
(e.g.  White  1956).  The  last  of  the  graptolites,  not  presently  known  in  Great  Britain, 
accordingly  extend  well  into  the  Lower  Devonian  (cf.  Solle  1963).  If  international 
agreement  can  be  reached  to  accept  some  standard  other  than  the  Ludlow  Bone 
Bed  as  the  base  of  the  Devonian,  then  the  correlations  given  here  will  need  to  be 
adjusted  accordingly.  One  such  historically  justifiable  alternative  is  to  take  the 
Downtonian-Dittonian  boundary  as  the  base  of  the  Devonian  (Tarlo  1964),  in 
which  case  units  of  Skalian  age  would  fall  within  the  Silurian. 

The  development  of  these  ideas  has  grown  in  part  from  palaeontological  work 
undertaken  as  support  to  a  series  of  mapping  projects  by  members  of  the  Geological 
Survey  of  Victoria:  Dr  D.  E.  Thomas,  Messrs  G.  Bell,  P.  R.  Kenley,  B.  R. 
Thompson,  and  the  author;  of  the  Royal  Melbourne  Institute  of  Technology: 
K.  Bradley,  J.  Couper,  R.  Dale,  K.  Fletcher,  B.  Garrett,  E.  A.  Woodford;  by 
B.  R.  Moore  of  the  University  of  Melbourne,  and  by  N.  W.  Schleiger  of  the 
Victorian  Education  Department.  Dr  O.  P.  Singleton  joined  me  in  investigating  the 
Wombat  Creek  Group;  my  colleagues,  P.  E.  Bock,  R.  C.  Glenie,  and  K.  J.  Reed 
helped  me  map  the  Silurian-Devonian  sequence  of  the  headwaters  of  the  Buchan5 
Indi,  and  Tambo  R.;  Professors  Bedrich  Boucek  and  Hermann  Jaeger,  and  Dr 
D.  E.  Thomas  have  been  most  helpful  with  determinations  of  tentaculitids  and 
graptolites;  Mr  E.  D.  Gill  freely  discussed  his  work  on  the  Yering  Group  and  his 
ideas  on  correlation  of  Lower  Devonian  brachiopod  faunas  in  C.  Victoria.  Many 
of  the  ideas  expressed  in  this  synthesis  have  grown  in  an  atmosphere  of  interest  and 
constructive  criticism  from  Drs  O.  P.  Singleton  and  D.  E.  Thomas. 

Stratigraphic  Mosaic 

Central  Victoria 

Broadly  speaking,  there  are  two  provinces  of  differing  tectonic  and  sedimentary 
history  in  the  Silurian  and  Lower  Devonian  of  Victoria:  the  Eastern  Victorian 
Province  where  the  Benambran  and  Bowning  deformations  and  associated  igneous 
activity  left  a  profound  imprint,  and  the  Central  Victorian  Province  where  the 
effects  of  these  periods  of  deformation  are  not  so  clearly  defined  and  where  vast 
tracts  of  poorly  fossiiiferous  basin  sediments  formerly  prevented  extended  un¬ 
ravelling  of  stratigraphic  relationships. 

The  Silurian  and  Devonian  stratigraphy  of  C.  Victoria  can,  for  simplicity,  be 
reduced  to  consideration  of  a  relatively  simple  facies  relationship  within  and 
between  a  series  of  major  stratigraphic  units.  The  lowest  Silurian  (Llandovery) 
Costerfield  Formation  at  Heathcote  (Thomas  1937)  has  as  its  approximate  equiva¬ 
lents  the  Deep  Creek  and  Springfield  beds,  known  in  detail  in  the  Romsey- 
Lancefield  district  (Thomas  1960)  and  by  reconnaissance  southwards  along  the 
valleys  of  the  Maribyrnong  R.  and  Jackson’s  Ck.  The  Costerfield  Formation  is 
succeeded  by  the  Wapentake  Formation  with  the  ‘ Illaenus  Band’  at  its  base 
spanning  the  interval  between  Upper  Llandovery  and  the  Lower  Ludlow  zone  of 
Monograptus  nilssoni ;  its  equivalent  farther  S.  is  the  Chintin  Beds  (Thomas  1960), 
here  defined  to  extend  upwards  to  the  widely  distributed  graptolite  beds  of  the 
Dargile  Formation.  Allowing  for  some  uncertainty  about  correlation  of  its  base 
with  the  base  of  the  Wapentake  Formation  (the  1 Illaenus  Band’),  the  Chintin  Beds 
can  be  broadly  considered  a  synonym  of  the  Wapentake  Formation  and  Unit  1  of 
the  Dargile  Formation.  Recognition  of  the  wide  distribution  of  the  Dargile  Forma¬ 
tion  from  Whroo  and  Bailliston  NW.  of  Heathcote  to  the  vicinity  of  Wallan  N.  of 
Melbourne,  with  its  characteristic  assemblages  of  graptolites  in  Unit  2  and  associa¬ 
tion  of  Aegiria  thomasi  and  Encrinurus  simpliciculus  in  Unit  4  (Talent  1964),  has 
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been  important  in  unravelling  the  structural  and  stratigraphic  evolution  of  C. 
Victoria.  Increase  in  sandstone  and  developments  of  conglomerates  high  in  the 
Dargile  Formation,  as  in  the  vicinity  of  Redcastle  and  Broadford,  alternate  with 
finer  grained  sediments  notable  for  abundance  of  Encrinurus  and  Aegiria ,  as  at 
Baillieston  and  Wallan.  The  Dargile  Formation  has  not  been  clearly  discriminated 
within  the  city  of  Melbourne,  although  its  characteristic  species  have  been  found 
there. 

The  coarser  Dargile  sediments  herald  widespread  deposition  of  sandstones  of 
the  Mclvor  Formation  in  the  Cornelia,  Redcastle,  Heathcote,  and  Tooberac  districts. 
A  gradual  eastwards  and  southwards  facies  change  within  the  Mclvor  Formation 
is  discernible.  The  sequence  through  finer  sediments  and  presumably  to  somewhat 
deeper  water  is:  typical  Mclvor  lamellibranch  sandstones  giving  way  to  sandstones 
with  lamellibranchs  +  rhynchonellids  (principally  Stegerhynchus )  giving  way  in 
turn  to  fine  sandstones  and  siltstones  with  Isorthis ,  Plectodonta,  Lissatrypa,  and 
Pleurodictyum.  Farther  out  in  siltstones  these  are  joined  by  Howellella ,  Leptaena , 
asteroids  and  ophiuroids,  A  try  pa  f reticularis \  and  Maoristrophia.  Still  farther  away, 
Macropleura  becomes  important  in  siltstones  as  at  Eden  Park,  Upper  Plenty  and 
Alexandra;  in  the  Eildon  district  ‘ Conchidiwrt  and  Mucophyllum  occur  within 
otherwise  poorly  fossiliferous,  seemingly  deep  water  equivalents  of  this  unit,  the 
Eildon  Beds;  the  same  beds  along  the  Yea  anticline  have  so  far  proved  unfossili- 
ferous.  Recent  mapping  has  shown  that  the  lower  part  of  the  Humevale  Formation 
(Williams  1964)  is  equivalent  to  the  Mclvor  Formation  and  that  the  Mt  Phillipa 
and  Clonbinane  members  are  good  approximations  to  the  base  of  the  Mclvor 
Formation  in  the  Heathcote  area  (Schleiger  &  Talent  MS.).  It  seems  from  our 
work  that,  broadly  speaking,  during  the  time  of  deposition  of  the  Mclvor  Forma¬ 
tion,  the  sea  floor  shelved  down  more  or  less  evenly  eastwards  from  the  general 
vicinity  of  the  Heathcote-Colbinabbin  axis. 

The  faunas  of  the  succeeding  Mt  Ida  Formation  (Talent  1964)  at  Heathcote 
are  unique  in  Victoria.  At  least  6,000  ft  of  sandstones  with  interbedded  mudstones, 
shales,  and  conglomerates  bear  a  characteristic  faunal  succession  dominated  by  the 
rhynchospirinid  Molongia ,  the  cuboidal  rhynchonellid  Notoconchidium  and,  in  the 
uppermost  unit,  the  Pleurodictyum  beds,  Strophonella ,  and  Meristella.  Remarkably 
similar  sediments  to  those  occurring  at  Redcastle  and  Heathcote  outcrop  from  the 
Moorambool  Fault  through  Puckapunyal  to  the  vicinity  of  the  Goulbum  R.-Daby- 
minga  Ck  fault  line  where  a  rapid  change  to  graptolitic  facies  occurs  with  frequent 
tongues  of  coarse  conglomerates  and  sandstones  echoing  the  essentially  coarser 
sedfmentation  to  the  W.  (Schleiger  1964b,  Schleiger  &  Talent  MS.).  There  is  a 
somewhat  less  rapid  facies  change  within  the  underlying  Mclvor  Formation  on 
either  side  of  this  old  fault  line,  though  here  again  there  is  a  change  eastwards  to 
graptolitic  sediments. 

The  Mt  Ida  faunas  have  been  considered  Lower  Devonian  in  age  for  the  past 
20  years,  but  there  has  been  uncertainty  whether  to  include  all  or  part  of  the 
Mclvor  within  the  Devonian.  If  the  widely  held  contention  that  graptolites  extend 
into  the  Devonian  is  correct,  then  part  at  least  of  the  Mt  Ida  Formation  is  equivalent 
to  Upper  Gedinnian  horizons  at  Seymour  East  containing  monograptids  close  to 
M.  praehercynicus.  The  oldest  available  stratigraphic  name,  the  Wilson’s  Creek 
Shale  (Thomas  1953)  would  take  precedence  for  this  portion  of  the  graptolitic 
sequence  if  it  could  be  precisely  discriminated  within  the  Humevale  Formation 
(Williams  1964). 

There  are  two  important  developments  of  plant-graptolite  horizons  about  8,000 
ft  apart  in  the  Yea-Molesworth  district.  The  upper  of  these  contains  Monograptus 
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n.  sp.  close  to  M.  praehercynicus  and  therefore  correlates  with  part  of  the  Wilson’s 
Creek  Shale;  the  lower  contains  Monograptus  sp.  indet.  (Couper  1965);  both  are 
associated  with  plant  remains  including  Baragwanathia.  South-eastwards  in  the 
vicinity  of  Kinglake  West,  the  Wilson’s  Creek  Shale  equivalents  become  more 
richly  fossiliferous  with  chonetids,  Howellella,  Notoleptaena,  Notanoplia,  Plecto- 
donta ,  Nuculites,  ophiuroids,  asteroids,  carpoids,  and  trilobites,  especially  Odonto - 
chile,  homalonotids,  and  Dicranurus  (Williams  1964). 

There  is,  in  effect,  a  gradual  transition  from  graptolitic  to  ‘Yeringian’  or 
shelly  facies  which  persisted  as  the  Ruddock  Siltstone  (Gill  1965)  in  the  Lilydale- 
Killara  area  and,  to  a  lesser  extent,  farther  away  contemporaneous  with  deposition 
of  the  graptolitic  Wilson’s  Creek  Shale  and  the  succeeding  Tanjil  Formation  and 
Walhalla  Group  to  the  N.  and  E.  The  localized  neritic  faunas  in  this  south-westerly 
part  of  C.  Victoria  are  an  expression  of  less  marked  basin-style  sedimentation 
(quasi-shelf  environment)  in  this  direction;  the  tendency  of  these  faunas  to  fade 
out  towards  the  N.  and  E.  is  believed  to  be  due  to  deeper  water  in  these  directions. 

The  typical  Tanjil  formation,  as  developed  at  Tanjil  (Thomas  1953)  and 
farther  N.  at  Matlock  (Moore  1965),  becomes  more  sandy  northwards  towards 
Eildon  where  equivalents  of  this  unit  bear  the  name  Norton  Gully  Sandstones 
(Thomas  1947,  1953).  The  latter  unit  persists  northwards  from  Eildon  between 
the  Wilson’s  Creek  Shale  and  the  Walhalla  Group,  but  fossils  characteristic  of  the 
Tanjil  Formation*  have  not  been  recognized  farther  N.  than  Eildon.  Possible 
intertonguing  of  Tanjil  Formation  with  the  ‘Yeringian’  units  has  already  been 
recognized  at  Coldstream  (loc.  28,  Gill  1940),  but  its  precise  time  significance 
relative  to  the  typical  Nowakia-Styliolina  developments  farther  to  the  E.  and  NE. 
is  not  yet  known. 

[*  We  are  using  the  name  Tanjil  Formation  as  being  more  in  line  with  the  original 
lithologic-cum-biostrati graphic  intent  of  the  term  Tanjilian  (Chapman  1914,  1924).] 

Recent  work  on  the  monograptid  and  tentaculitoid  faunas  of  the  Eildon,  Wilson’s 
Creek,  and  Tanjil  formations  and  their  equivalents  (Boucek  &  Jaeger  MSS.)  has 
indicated  clearly  the  presence  of  three  significant  horizons.  The  lowest  horizon 
contains,  inter  alia,  Monograptus  aequabilis  (Pribyl)  [formerly  referred  to  as 
M.  vomerinus ],  indicating  an  horizon  either  at  the  base  of  the  Gedinnian  or  late  in 
the  Skala.  Some  1,500  ft  stratigraphically  higher,  and  known  from  a  wider  distri¬ 
bution  over  a  triangular  area  70  miles  by  50  miles,  are  beds  containing  a  new 
species  of  Monograptus  close  to  M.  praehercynicus  Jaeger,  indicating  an  horizon 
higher  in  the  Gedinnian  and  perhaps  even  Upper  Gedinnian  in  age.  Roughly  3,500 
ft  higher,  in  the  Tanjil  Formation,  are  horizons  of  Panenka,  Nowakia,  Striatostylio- 
lina" and  Styliolina.  The  species  of  Nowakia ,  known  under  the  name  Tentaculites 
matlockiensis ,  is  identical  with  N.  acuaria  (Richter)  and  includes  Paranowakia 
intermedia  (?)  (Barrande).  This  association  indicates  approximately  the  zone  of  M. 
hercynicus  and  certainly  the  higher  part  of  the  Lochkovian  stage  of  the  Bohemian 
succession  (Boucek  1964,  Zagora  1964).  It  is  fairly  clear  that  the  Nowakia - 
Striatostylioiina  beds  of  the  Tanjil  Formation  are  not  older  than  Upper  Gedin¬ 
nian  and  are  most  probably  Siegenian  (cf.  Solle  1963  for  correlation  of  M. 
hercynicus) .  Correlation  of  the  Boola  Beds  and  the  Coopers  Creek  Formation, 
some  3,500  ft  stratigraphically  higher,  as  most  probably  late  Siegenian  would  agree 
on  general  grounds  with  published  and  unpublished  work  on  the  faunas  of  the 
Wentworth  Group,  the  Waratah  Limestone,  and  the  Walhalla  Group  of  the  Eildon- 
Jamieson  district.  An  Upper  Ludlow  or  Lower  Gedinnian  age  for  the  faunas  of  the 
Boola  Beds  and  Coopers  Creek  Formation  (Philip  1960a,  1962a,  1962b)  is 
incompatible  with  this  evidence. 
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Lateral  variations  in  lithology  within  the  Walhalla  Group  have  yet  to  be 
adequately  documented.  In  spite  of  widespread  use  as  a  marker  horizon,  the  basal 
grits,  conglomerates,  and  limestones  of  the  Walhalla  Group  (Whitelaw  1916, 
Baragwanath  1925)  are  not  always  easy  to  locate  and,  though  sedimentologically 
they  represent  an  important  event,  they  tend  to  be  impersistent  away  from  their 
maximum  development  about  Coopers  Creek  and  Tyers  where  they  bear  the  name 
Coopers  Creek  Formation.  It  is  sometimes  overlooked  that  O.  A.  L.  Whitelaw 
(1916)  had  commenced  discrimination  of  two  units  within  the  Walhalla  Group  E.  of 
Woods  Point:  a  lower  belt  of  slates  with  thin  bands  of  sandstones — the  Sir  John 
Franklin  Beds — succeeded  by  and,  in  part,  lateral  equivalents  of  the  Johnson’s 
Hill  Sandstones. 

West  of  the  Walhalla  Synclinorium,  the  Walhalla  Group  has  been  mapped  in 
the  Upper  Yarra,  Big  R.,  and  Eildon  regions  by  Thomas  (1947),  Bell  et  al. 
(1959),  and  Moore  (1965).  The  basal  grits  occur  in  the  N.  about  Eildon  and 
have  been  used  as  a  marker  horizon,  but  fade  out  southwards  and  appear  to  be 
absent  in  the  Upper  Yarra  region.  Rare  horizons  of  shelly  fossils,  correlating 
broadly  with  the  rich  faunas  within  the  Kilgower  Member  of  the  Tabberabbera 
Formation  at  Tabberabbera  on  the  one  hand  and  with  the  higher  faunas  at 
Lilydale  (e.g.  Gill  1942)  on  the  other,  indicate  a  Lower  Emsian  age  for  horizons 
1,500  ft  to  2,500  ft  above  the  base  of  the  Walhalla  Group.  Rhythmically  banded 
fine-grained  sediments  occurring  above  the  Tanjil  Formation  in  the  Upper  Yarra 
area  have  been  termed  the  Upper  Yarra  Formation  (Moore  1965).  They  thus 
represent  a  departure  in  facies  from  the  predominance  of  fine  sandstones  and 
siltstones  outcropping  on  the  W.  side  of  the  Walhalla  Synclinorium  about  Jericho 
and  Mt  Matlock. 

Recent  mapping  of  the  Cathedral  Range  and  adjacent  Lower  Devonian  sedi¬ 
ments  (Dale  unpublished)  has  led  to  the  discovery  of  a  Lower  Emsian  fossil 
horizon  approximately  3,500  ft  stratigraphically  below  the  base  of  the  Cathedral 
Beds  and  more  or  less  equivalent  to  horizons  some  thousands  of  feet  above  the 
base  of  the  Walhalla  Group  elsewhere.  Dale  has  confirmed  the  conclusion  of  E.  S. 
Hills  (1929)  that  the  Cathedral  Beds  are  conformable  with  the  underlying  typical 
Walhalla  Group  sediments;  sandstones  resembling  those  of  the  Cathedral  Beds 
occur  interbedded  with  Walhalla  Group  sediments  for  some  distance  beneath 
Unit  1  (first  main  sandstone)  of  the  Cathedral  Beds.  The  Cathedral  Beds  match 
lithologically  the  Koala  Creek  Beds  outcropping  to  the  E.  of  the  Cerberean 
Volcanics  Belt  (Bell  et  al.  1959).  Here  again  they  overlie  the  Walhalla  Group 
sediments  in  the  Eildon  Synclinorium  and,  despite  poor  outcrops  and  a  faulted 
margin  to  the  E.,  are  assumed  to  have  a  similar  relationship  to  the  Walhalla  Group. 
Therefore,  we  are  led  to  the  conclusion  that  the  Cathedral  Beds  and  the  Koala 
Creek  Beds,  with  their  absence  of  fauna,  their  frequency  of  red  beds,  and  poorly 
preserved  flora,  represent  the  regressive  phase  of  the  late  Lower  Devonian  and 
perhaps  early  Middle  Devonian  sedimentation  in  C.  Victoria. 

As  noted  earlier,  the  ‘Yeringian’  or  quasi-shelf  facies  tended  to  persist  in  the 
Lilydale-Killara  area  contemporaneous  with  deposition  of  the  Tanjil  Formation  and 
the  Walhalla  Group  elsewhere.  A  gradual  overall  shallowing  of  this  essentially 
muddy  sea  floor,  with  its  locally  rich  benthonic  faunas,  ultimately  resulted  in  a 
true  shelf  environment  with  carbonate  sedimentation  and  accumulation  of  the  Lily- 
dale  Limestone  characterized  by  rich  Emsian  (possibly  Lower  Emsian)  stroma- 
toporoid,  coral,  and  gastropod  faunas  and  with  subordinate  lamellibranch  and 
brachiopod  faunas.  The  Lilydale  Limestone  is  overlain  unconformably  (Crohn 
1950)  by  the  poorly  fossiliferous  pebble-  and  boulder-bearing  Cave  Hill  Sandstone. 
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Like  the  Cathedral  Beds,  it  may  be  connected  with  regression  of  the  seas  from 
C.  Victoria. 

Eastern  Victoria 

The  tectonic  and  sedimentary  history  of  E.  Victoria  is  more  complex  and,  in 
many  respects,  is  in  contrast  with  that  of  C.  Victoria,  particularly  during  the 
Silurian,  though  some  connection  between  the  history  of  the  two  provinces  in 
Lower  Devonian  times  can  be  portrayed  by  the  sequences  at  Waratah  Bay  and  on 
the  Mitchell  and  Wentworth  R.  Silurian  sediments  of  E.  Victoria  outcrop  prin¬ 
cipally  about  the  headwaters  of  the  Indi,  Tambo,  and  Buchan  R.  A  restricted 
development,  the  Wombat  Creek  Group,  outcrops  about  the  junction  of  the  Gibbo 
and  Mitta  Mitta  R.  and  is  associated  with  an  attenuate  belt  of  Silurian  volcanics — 
the  Mitta  Mitta  Volcanics. 

After  being  originally  regarded  as  Silurian  in  age,  the  Wombat  Creek  Group 
was  for  many  years  thought  to  contain  an  intermingling  of  Silurian  and  Middle 
Devonian  faunas  (Chapman  1920),  but  re-investigation  (Talent  1959a;  Singleton 
&  Talent  MS.)  has  revealed  that  the  entire  sequence  is  of  Silurian  age.  Whereas  it 
had  been  thought  that  the  basal  conglomerates  of  the  Wombat  Creek  Group  rested 
unconformably  on  more  tightly  folded  Ordovician  sediments,  investigation  has 
shown  a  more  complex  situation.  The  Mitta  Mitta  Volcanics,  extending  as  a 
meridional  belt  from  the  headwaters  of  Tallangatta  Ck  to  the  junction  of  the  Gibbo 
and  Mitta  Mitta  R.,  had  been  thought  to  be  another  body  of  similar  age  to  the 
Snowy  River  Volcanics;  recent  work  has  shown  them  to  underlie  the  Wombat 
Creek  Group  (Singleton  1965).  Broadly  speaking,  the  range  of  lithologies  resembles 
that  of  the  Snowy  River  Volcanics:  rhyodacites,  often  highly  fragmental,  with 
subordinate  rhyolites,  tuffs,  and  minor  generally  tuffaceous  sediments. 

As  one  ascends  the  Mitta  Mitta  ^R.  from  its  junction  with  the  Gibbo  R., 
successively  higher  horizons  of  the  Wombat  Creek  Group  are  traversed  until  the 
sequence  is  truncated  by  a  SE.-trending  fault.  The  Wombat  Creek  Group  com¬ 
mences  with  a  basal  sequence  of  over  1,000  ft  of  conglomerates  containing  occa¬ 
sional  pebbles  and  boulders  of  Mitta  Mitta  Volcanics  (Singleton  1965);  rare  fossil 
horizons  include,  inter  alia,  trimerellid  brachiopods.  TTiis  is  overlain  directly  in 
most  places,  and  with  minor  intervening  sandstones  in  others,  by  a  prominent 
limestone  300  ft  or  more  in  thickness,  outcropping  from  beneath  a  mask  of 
alluvium,  gravel,  hillwash,  and  Lower  Tertiary  basalt  as  a  series  of  lenticles  for 
about  5  miles;  the  limestones  and  associated  fossiliferous  shales  have  yielded  a 
moderately  rich  fauna  including  species  of  Mucophyllum ,  Propora ,  and  Brachy - 
prion.  The  limestone  is  overlain  by  an  unknown  thickness,  probably  exceeding 
1,500  ft,  of  generally  fine-grained  terrigenous  sediments,  including  a  minor 
development  of  conglomerate  on  the  Mitta  Mitta  R.  approximately  J  mile  upstream 
from  its  junction  with  Wombat  Ck  (Whitelaw  1954,  Fig.  2e);  the  horizon  is 
noteworthy  for  the  presence  of  occasional  granitic  boulders,  testifying  to  the 
presence  of  pre-Wombat  Creek  Group  granites.  The  sequence  of  terrigenous  sedi¬ 
ments  is  overlain  by  a  limestone  (Whitelaw  1954,  Fig.  2f  &  g)  containing,  inter 
alia,  halysitid  corals;  approximately  the  same  horizon  with  poorly  preserved 
halysitids  and  brachiopods  outcrops  in  allotment  9,  parish  of  Hinnomungie  (White- 
law  1954,  Fig.  3d).  The  Wombat  Creek  Group  is  terminated  by  a  sequence  of 
sandstones  and  siltstones  downthrown  against  Upper  Ordovician  graptolite-bearing 
sediments;  these  pass  progressively  to  the  S.  and  W.  into  the  Omeo  schists  and 
gneisses.  There  is  a  remarkable  contrast  in  tectonic  style  between  the  highly 
deformed,  tightly  folded  Ordovician  sediments  and  the  fairly  steep  dipping  though 
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not  tightly  folded  Wombat  Creek  Group.  Evidence  as  well  from  the  vast  out¬ 
pourings  of  Mitta  Mitta  Volcanics,  many  thousands  of  feet  in  thickness,  and  the 
enormous  thickness  of  basal  conglomerates  of  the  Wombat  Creek  Group,  indicates 
appreciable  tectonic  activity  and,  it  would  seem,  strong  folding  of  the  Ordovician 
basement  in  Lower  Silurian  times  (the  Benambran  Orogeny).  The  presence  of 
granite  pebbles  and  boulders  within  the  Wombat  Creek  Group  is  clear  evidence  for 
P(e- Wombat  Creek  Group  granites.  Granitic  intrusions  of  this  age  are  to  be  sought 
within  the  Omeo  schists  and  gneisses  sensu  lato,  but  discrimination  of  granites  of 
this  antiquity  will  doubtless  be  difficult  because  of  subsequent  deformation  by  the 
Bowning  and  Tabberabberan  movements.  The  Banimboola  Granodiorite  to  the  N., 
however,  may  be  dated  as  pre-Middle  Silurian.  Road  sections  along  the  Mitta 
Mitta  R.  N.  of  Eustace  Ck  show  Mitta  Mitta  Volcanics  intrusive  around  huge, 
sometimes  house-sized,  blocks  of  granodiorite,  demonstrating  that  the  volcanics 
post-date  the  Banimboola  Granite.  Because  the  volcanics  ante-date  the  Wombat 
Creek  Group  (much,  if  not  all  of  which  is  no  younger  than  Middle  Silurian),  the 
Banimboola  Granite,  or  at  least  that  part  of  it  outcropping  to  the  E.  of  the  Mitta 
Mitta  Volcanics  belt  between  Eustace  and  Larsens  Ck,  is  almost  certainly  of  Lower 
Silurian  (Llandovery)  age. 

Silurian  sediments  (the  Cowombat  Group)  outcrop  extensively  about  the  head¬ 
waters  of  the  Indi,  Buchan,  and  Tambo  R.  (Talent  1959a;  Talent,  Bock,  &  Glenie 
1964).  They  are  overlain  unconformably  by  the  Snowy  River  Volcanics,  but 
faulting  and  poor  exposures  have  prevented  clarification  of  their  primary  relation¬ 
ship  to  the  Ordovician  bedrock.  The  lowest  unit,  the  Towanga  Formation,  consists 
of  a  vast  thickness  of  generally  fine  sandstones  or  quartzites,  seemingly  exceeding 
10,000  ft,  with  subordinate  siltstones  and  lenticular  limestones,  the  Caladenia  and 
Farquhar  limestone  members.  Higher  in  the  Towanga  Formation  are  lenticular 
bodies  of  conglomerate  outcropping  principally  at  Mt  Carabungla  (the  Carabungla 
Member)  and  on  the  Indi  R.  between  Copperhead  and  Bullies  Ck.  South-westwards 
towards  Bindi,  conglomerates  dominate  such  an  appreciable  thickness  of  the 
succession  (the  Mt  Waterson  Formation)  that,  in  the  past,  they  were  thought  to  be 
Upper  Devonian  in  age;  they  overlie  the  largest  development  of  limestone  in  the 
Cowombat  Group,  the  Old  Hut  Limestone. 

Stratigraphically  higher  than  the  Towanga  Formation  is  the  Cowombat  Forma¬ 
tion,  composed  typically  of  richly  fossiliferous  late  Wenlock-early  Ludlow  siltstones 
and  minor  limestones  at  Cowombat  and  Native  Dog  plains,  dominated  by  species 
of  Mucophyllum,  Mazaphyllum,  Fletcheria,  Favosites,  Heliolites,  and  Propora,  with 
rare  Atrypoidea,  A  try  pa,  and  Howellella.  Farther  to  the  W.  are  numerous  lenticular 
developments  of  limestone,  the  largest  being  given  separate  member  status:  the 
Sheehan  Bluff,  Claire  Creek,  and  McCarty  members.  The  rarity  of  fossils  in  these 
and  their  associated  terrigenous  sediments,  the  lenticular  nature  of  the  limestones, 
and  the  intervention  of  faults  between  them  and  the  richly  fossiliferous  occurrences 
at  Native  Dog  and  Cowombat  plains  have  prevented  precise  matching  of  horizons. 
The  Cowombat  Formation  is  terminated  by  unfossiliferous  siltstones  followed  by  at 
least  1,000  ft  of  unfossiliferous  fine  grained  sandstones. 

No  Silurian  volcanic  rocks  have  been  discriminated  within  the  Cowombat  Group 
though  such  may  occur  among  the  fault  slices  between  Bindi  and  the  headwaters 
of  Limestone  Ck.  The  Cowombat  Group  has  been  intruded  by  the  Kosciusko 
Granodiorite,  one  long  tongue  of  which  serves  to  divide  the  two  main  outcrop  belts 
of  Towanga  Formation.  The  adjacent  sediments,  generally,  have  been  weakly 
metamorphosed;  what  is  obviously  metamorphosed  Towanga  Formation  on  the 
Suggan  Buggan  Ra.  and  the  Toonginbooka  R.  has  been  discriminated  as  the 
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Suggan  Buggan  Schists  (Talent,  Bock,  &  Glenie  1964).  As  the  Cowombat  Group 
contains  faunal  equivalents  of  the  Bowspring  Limestone  and  the  Barrandella  Shale 
and  still  younger  unfossiliferous  horizons,  the  earliest  date  for  deformation  of  the 
Cowombat  Group  can  scarcely  precede  the  top  of  the  Silurian.  Yet  deformation  had 
taken  place  and  has  been  followed  by  intrusion  of  granodiorite  and  extensive 
unroofing  of  the  batholith  before  deposition  of  the  Timbarra  Formation  (5,000+ 
ft),  followed  in  turn  by  extrusion  of  the  Snowy  River  Volcanics,  with  its  many 
hiatuses,  prior  to  deposition  of  the  late  Emsian  or  early  Eifelian  Buchan  Caves 
Limestone. 

Silurian  sediments  have  been  found  sub-surface  beneath  the  Snowy  River 
Volcanics  in  the  parish  of  Nowa  Nowa  South  (Talent  1959b)  and  outcrop  again 
in  a  little  known  belt  between  Martin’s  Ck  and  the  head  of  Sardine  Ck  (Stirling 
1888).  These  occurrences,  together  with  those  of  the  Cowombat  and  Wombat 
Creek  groups,  are  indicative  of  basin  sedimentation,  presumably  in  different  parts 
of  the  same  basin.  Analogous  thick  sequences  of  Silurian  sediments  are  found 
farther  N.  in  New  South  Wales,  in  particular  in  the  Yarangobilly-Ravine-Tumut 
Pond  area.  This  style  of  sedimentation  contrasts  to  some  extent  with  that  at 
Quidong,  about  12  miles  W.  of  Bombala,  where  richly  fossiliferous  limestones  and 
associated  shales,  correlating  broadly  with  the  Cowombat  Formation,  indicate  an 
approach  to  more  shelf-like  conditions;  the  basal  sequence  of  sandstones  there  is 
an  echo  of  the  Towanga  Formation  of  the  Cowombat  Group. 

The  Silurian  sequences  of  E.  Victoria  contrast  with  the  succession  in  C.  Victoria. 
Lower  Silurian  (Llandovery)  graptolitic  sediments,  seemingly  conformable  with 
Ordovician  sediments  (Thomas  &  Keble  1933),  outcrop  in  the  watersheds  of  the 
Maribyrnong  R.  and  its  tributaries  W.  of  Melbourne,  Warrandyte,  Diamond  Ck, 
Macclesfield,  Enoch's  Point,  and  a  locality  on  the  Dolodrook  R.  For  younger 
horizons  there  is  an  expanding  gap  in  palaeontological  knowledge  as  one  goes 
eastwards,  the  lowest  fossiliferous  post-Llandovery  beds  becoming  younger  (Fig.  1). 
This  gap  may  be  connected  with  the  breaks  in  sedimentation  to  be  expected  from 
an  eastward  increase  in  intensity  of  deformation  associated  with  the  Benambran 
and  later  movements  approximating  the  Bowning  deformation  in  E.  Victoria. 

This  deformation  was  followed  by  the  intrusion  and  de-roofing  of  the  Kosciusko 
Batholith.  Thick  sequences  of  non-marine  conglomerates,  sandstones  and  siltstones, 
and  minor  ignimbrites,  at  least  5,000  ft  in  thickness,  the  Timbarra  Formation,  were 
deposited  between  Buchan  and  Black  Mountain  (Fletcher  1963,  E.  A.  Woodford 
pers.  comm.).  Subsequently  the  Snowy  River  Volcanics  complex  of  more  than 
10,000  ft  of  rhyodacites  and  tuffs,  with  subordinate  rhyolites,  andesites,  kerato- 
phyres,  and  basalts  accumulated  over  much  of  Victoria  E.  of  the  Tambo  R. 
Evidence  from  Bindi,  best  seen  at  Mt  Waterson,  shows  that  the  Snowy  River 
Volcanics  and  the  underlying  Cowombat  Group  were  subjected  to  block  faulting 
and  planation  prior  to  deposition  of  the  Buchan  Group,  the  lowest  unit  of  which 
rests  indiscriminately  over  the  planed  surfaces  of  blocks  of  Snowy  River  Volcanics 
and  Cowombat  Group.  It  would  seem  that  other  parts  of  the  Snowy  River  Volcanics 
belt  were  subjected  to  block  faulting  prior  to  deposition  of  the  Buchan  Group,  most 
notably  the  belt  from  Nowa  Nowa  through  Mt  McLeod  to  the  vicinity  of  Butchers 
Ck,  where  a  jig-saw  of  blocks  of  Ordovician  sediments  and  pre-Devonian  granite 
is  interrupted  by  a  cover  of  Buchan  Group  sediments  which  are,  by  comparison, 
little  disturbed.  Post-Middle  Devonian  tear  faulting  and  thrusting  on  this  same  belt 
has  been  much  less  severe  than  what  must  have  occurred  prior  to  deposition  of  the 
Buchan  Group. 

Subsidence  of  the  more  or  less  planar  Buchan-Indi-Combienbar  area  led  to 
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deposition  of  the  remarkably  uniform  Buchan  Caves  Limestone  covering  at  least 
2,500  square  miles,  though  now  represented  by  a  series  of  some  14  discrete 
tectonically  preserved  enclaves,  commencing  typically  with  a  basal  sequence  of 
dolomites  (the  Spring  Creek  Member),  exceeding  200  ft  in  the  SE.  at  South 
Buchan,  but  thinner  in  the  W.  at  Bindi  and  in  the  three  enclaves  along  Limestone 
Ck.  The  Buchan  Caves  Limestone  is  overlain  by  the  Taravale  Formation  which,  in 
turn,  is  in  facies  relationship  with  the  Murrindal  Limestone.  A  prominent  tongue 
of  Taravale  Formation,  the  Pyramids  Member,  separates  the  Murrindal  and  Buchan 
Caves  limestones  in  the  Buchan-Murrindal  area. 

Faunas  typical  of  the  Pyramids  Member  at  Buchan  occur  at  the  top  of  the 
Buchan  Caves  Limestone  at  Bindi.  The  presence  of  Adolfia  in  abundance  and  the 
bizarre  ostracode  genus  Poloniella ,  of  Calceola  sandalina ,  N  adiastrophia  n.sp.,  and 
Aulacella  indicate  an  Eifelian  or  possibly  late  Emsian  horizon;  this  is  in  agreement 
with  indications  from  goniatite  faunas  occurring  in  the  first  600  ft  or  so  of  the 
Taravale  Formation  at  Buchan.  Higher  in  the  sequence,  in  the  Murrindal  Lime¬ 
stone,  a  further  species  of  Calceola  (a  tiny  one),  a  new  genus  resembling  Leptodon- 
tella,  Cyrtinopsis,  a  new  genus  of  rhynchonellid  to  include  the  Eifelian  Hypo - 
thyridina  procuboides ,  and  a  variety  of  new  genera  of  rhynchonellids  of  Eifelian 
aspect  occur.  The  great  thickness  of  poorly  fossiliferous  Taravale  Formation  at 
Buchan  (2,500+  ft)  and  at  Bindi  (3,500+  ft)  indicates  the  possibility  of  the 
Buchan  Group  ascending  even  into  the  Givetian. 

The  Snowy  River  Volcanics  at  Errinundra  (Thomas  1949)  are  very  similar  to 
the  Snowy  River  Volcanics  in  the  vicinity  of  Buchan,  but  the  sequence  is  much 
reduced  and  has  a  higher  proportion  of  sediments  including  deformed  marine 
fossils  (chiastolite  slate  stage);  it  is  overlain  by  metamorphosed  Buchan  Caves 
Limestone.  It  would  appear  from  evidence  at  Errinundra  that  the  Snowy  River 
Volcanics  were  fading  out  eastwards  into  marine  conditions.  This  leaves  for 
consideration  two  areas  which,  in  varying  respects,  help  to  relate  the  structural  and 
biostratigraphic  history  of  the  two  provinces. 

At  Waratah  Bay  two  main  carbonate  formations  can  be  discriminated,  separated 
by  an  unconformity  coinciding  with  a  total  faunal  break  between  the  two  forma¬ 
tions.  This  has  been  overlooked  by  previous  workers  and  has  led  to  some 
confusion.  The  lower  horizon,  the  Waratah  Limestone,  has  already  been  divided 
into  three  members  (Teichert  1954).  At  Grinder  Point  it  rests  with  a  clearly 
exposed  unconformity  (Thomas  &  Singleton  1956)  directly  on  to  a  Cambrian 
sequence  without  intervention  of  Ordovician  or  Silurian  rocks.  The  detritus  in  the 
basal  beds  has  been  derived  entirely  from  Cambrian  rocks.  The  faunas  of  the 
Waratah  Limestone  at  Grinder  Point,  at  Mushroom  and  Gair  Rocks,  Bell  Point, 
and  of  the  Kiln  and  Bird  Rock  members  at  Walkerville  have  a  strong  resemblance 
in  faunas  of  stromatoporoids,  tabulate  and  rugose  corals  and,  to  a  lesser  extent, 
molluscs  and  brachiopods  to  the  faunas  of  the  Coopers  Creek  Formation  and  the 
basal  beds  of  the  Walhalla  Group.  This  indicates  that  the  event  connected  with 
the  subsidence  and  initiation  of  carbonate  sedimentation  on  the  Cambrian  horst  at 
Waratah  Bay  corresponds  with  the  event  responsible  for  the  dumping  of  con¬ 
glomerates  and  the  accumulation  of  lenticular  limestones  at  the  base  of  the  Walhalla 
Group.  In  this  regard  it  is  of  interest  to  record  the  abundance  of  Cambrian  detritus 
in  the  latter,  particularly  about  Gould,  where  parts  of  the  unit  correspond  in 
composition  and  appearance  to  a  basaltic  or  diabasic  tuff  (Thomas  1942),  and 
thereby  indicate  the  presence  of  exposed  Cambrian  rocks  in  the  vicinity  at  that 
time. 

The  Bell  Point  Limestone  at  Bell  Point  can  be  seen  to  overlap  the  Waratah 
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Limestone  with  a  low  angle  of  unconformity  on  the  W.  face  of  Gair  Rock.  The 
weathered  surface  of  the  Waratah  Limestone  at  that  time  is  obvious;  boulders  of 
Waratah  Limestone  have  been  incorporated  in  the  basal  beds  of  the  Bell  Point 
Limestone,  the  proximal  ends  of  the  beds  being  packed  with  irregular  boulders  of 
Waratah  Limestone.  The  break  in  deposition  indicated  by  this  unconformity 
represents  an  appreciable  length  of  time,  for  there  is  an  almost  complete  disparity 
between  the  faunas  above  and  below  this  break.  The  brachiopod  faunas  of  the  Bell 
Point  Limestone,  being  the  same  as  those  of  the  Buchan  Caves  Limestone,  indicate 
that  the  widespread  subsidence  associated  with  the  change  to  marine  conditions 
and  deposition  of  the  Buchan  Caves  Limestone  on  the  Indi-Combienbar-Buchan 
shelf  was  felt  at  Waratah  Bay,  where  marine  carbonate  sedimentation  was  resumed 
after  a  period  of  non-deposition  and  apparently  of  erosion. 

The  Bell  Point  Limestone  is  not  represented  at  Walkerville,  but  the  Waratah 
Limestone  there  extends  to  higher  horizons  (the  Bluff  Member)  than  at  Bell  Point 
or  Grinder  Point.  This  presumably  indicates  loss  of  the  Bluff  Member  by  greater 
erosion  at  Bell  Point  than  occurred  at  Walkerville  during  the  interval  prior  to 
deposition  of  the  Bell  Point  Limestone. 

It  is  remarkable  that  this  break  in  sedimentation  at  Waratah  Bay  correlates 
broadly  with  the  period  of  block  faulting  and  planation  prior  to  deposition  of  the 
Buchan  Caves  Limestone  over  the  Buchan-Indi-Combienbar  shelf  of  E.  Victoria, 
and  to  the  possible  interruption  in  sedimentation  between  the  Kilgower  and  Roaring 
Mag  members  of  the  Devonian  succession  at  Tabberabbera.  This  again  is  indicated 
by  a  sharp  break  in  the  faunal  succession,  with  possible  northwards  onlap  of  the 
Roaring  Mag  Member  on  to  successively  older  horizons  of  the  Kilgower  Member 
and  with  rapid  wedging  out  northwards  of  the  upper  sandstones  of  the  Kilgower 
Member. 

Correlation  of  the  Liptrap  Formation  (Lindner  1953)  has  been  problematical, 
for  it  is  separated  from  the  outcrops  of  Devonian  limestones  on  the  Cambrian  belt 
by  the  Walkerville  Fault  and,  moreover,  there  are  no  enclaves  of  Liptrap  Formation 
within  the  Cambrian  belt.  It  consists  of  somewhat  more  than  5,000  ft.  of  detrital 
sediments  with  a  few  slump  conglomerates  containing  tabulate  corals,  a  few  rugose 
corals  and  rare  brachiopods.  The  unconformities  within  and  below  the  Devonian 
limestones  on  the  Cambrian  belt  lack  Liptrap  sediments  and,  therefore,  it  might 
appear  at  first  glance  that  the  latter  is  perhaps  younger  than  any  of  the  Devonian 
carbonate  units.  On  the  other  hand,  the  striking  abundance  of  Cambrian  detritus: 
chert,  jasper,  and  greenstones  within  the  conglomeratic  parts  of  slumped  beds 
indicates  that  parts  at  least  of  the  adjacent  Cambrian  horst  were  exposed  and  acting 
as  sources  for  part  of  the  components  of  the  nearby  Liptrap  Formation.  Boulders, 
seemingly  of  Waratah  Limestone,  collected  from  these  slumps,  on  the  other  hand, 
would  suggest  some  cover  of  carbonate  sediments  over  part  of  the  Cambrian  horst 
during  accumulation  of  part  at  least  of  the  Liptrap  Formation,  thereby  removing 
the  possibility  that  deposition  of  the  Liptrap  Formation  occurred  prior  to  deposition 
of  the  Waratah  Limestone.  The  faunal  evidence  is  meagre  and  equivocal,  there 
being  no  known  fossil  horizons  where  it  can  be  reasonably  assumed  that  the  fauna 
is  more  or  less  in  situ.  Though  some  beds  are  rich  in  tabulate  corals,  the  latter  are 
invariably  worn  and  broken  by  transport.  Lumps  of  Heliolites  daintreei ,  Phillip - 
sastraea  maculosa ,  Favosites  goldfussi ,  and  F.  squamuliferus  nitidus  are  in  accord 
with  derivation  from  the  Waratah  Limestone;  the  occurrence  of  Heliophyllum ,  a 
supposed  Middle  Devonian  genus,  is  no  longer  anomalous  for  a  somewhat  similar 
form  occurs  at  Tyers  (Philip  1962a)  in  beds  correlating  with  the  Kiln  and  Bird 
Rock  members  of  the  Waratah  Limestone.  It  is  suggested  that  deposition  of  the 
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Liptrap  Formation  coincided  with  the  break  between  the  Waratah  and  Bell  Point 
limestones  and  that,  during  this  interval,  there  was  erosion  of  the  Waratah  Lime¬ 
stone  revealing  tracts  of  Cambrian  rocks  which  then  acted  as  sources  for  the 
Cambrian  detritus  in  the  Liptrap  Formation.  This  is  in  accord  with  a  distinct 
parallel  in  lithology  with  the  sediments  of  the  Walhalla  Group  above  the  Coopers 
Creek  Formation  (a  correlate  of  the  Waratah  Limestone),  and  the  presence  of  a 
comparable  flora  in  the  Centennial  Beds  of  the  Walhalla  Group  with  that  in  the 
Liptrap  Formation  at  Livingstone  Ck  (Lang  &  Cookson  1930).  The  conglomeratic 
slump  beds  of  the  Liptrap  Formation  are  analogues  of  the  ‘grit  bands’  (e.g.  Waterloo 
Gully  Grit)  of  the  Walhalla  Group.  The  Liptrap  Formation  is  then  a  south- 
westward  extension  of  the  Walhalla  Group  as  developed  in  the  Walhalla  Syn- 
clinorium. 

The  Liptrap  Formation  and  the  Waratah  Limestone,  particularly  the  Bird  Rock 
and  Kiln  members,  in  many  respects  echo  the  sedimentation  of  the  Central 
Victorian  province.  On  the  other  hand,  the  Bell  Point  Limestone  and  the  two 
unconformities  reflect  the  tectonic  and  sedimentary  history  of  the  Eastern  Victorian 
province. 

The  Devonian  succession  on  the  Mitchell  and  Wentworth  R.  (Talent  1959a, 
1963)  rests  with  marked  angular  unconformity  on  folded  Upper  Ordovician  sedi¬ 
ments  without  the  intervention  of  a  Silurian  sequence  to  help  discriminate  between 
deformation  due  to  the  Benambran  and  Bowning  movements.  The  lowest  fossili- 
ferous  unit,  the  Wild  Horse  Formation,  contains  a  poorly  preserved  and  essentially 
undescribed  fauna  recalling  that  of  the  Coopers  Creek  Formation,  indicating  that 
the  event  responsible  for  the  accumulation  of  limestones  and  conglomerates  over 
such  a  wide  area  about  the  base  of  the  Walhalla  Group  found  expression  at 
Tabberabbera  in  subsidence  and  marine  deposition  of  thousands  of  feet  of  essen¬ 
tially  terrigenous  sediments.  This  event  is  to  be  compared  with  the  contemporaneous 
subsidence  and  deposition  of  the  Waratah  Limestone  unconformably  over  Cam¬ 
brian  greenstones  at  Waratah  Bay.  Higher  in  the  succession  within  the  Kilgower 
Member  at  Warrigal  Bend,  Sandys  Ck,  and  at  locality  35  at  Tabberabbera,  there 
occur  faunas  of  Lower  Emsian  aspect  more  or  less  equivalent  to  horizons 
1-2,000  ft  above  the  base  of  the  Walhalla  Group.  The  upper  sandstones  of  the 
Kilgower  Member  wedge  out  northwards  from  Sandys  Ck  to  Tabberabbera;  this 
may  be  the  expression  of  a  break  in  deposition  within  the  Wentworth  Group 
between  the  Kilgower  and  Roaring  Mag  members  mentioned  earlier. 

The  Wentworth  Group  was  rather  strongly  folded  and  intruded  by  the  Tabber¬ 
abbera  Dyke  Swarm  and  there  had  been  extensive  planation  prior  to  deposition  of 
the  comparatively  flat-lying  non-marine  Avon  River  Group  sediments  with  their 
interbedded  lava  flows.  The  folding  during  this  interval  (the  Tabberabberan 
Orogeny)  affected  all  known  occurrences  of  Lower  to  Middle  Devonian  sediments 
in  Victoria.  The  deformation  was  associated  with  large  scale  faulting,  no  doubt  in 
part  along  pre-existing  fault  lines,  e.g.  the  East  Buchan  Thrust  and  its  associated 
belt  of  deformation  follows  a  pre-Buchan  Group  fault  belt  affecting  blocks  of 
Snowy  River  Volcanics,  Ordovician  sediments,  and  pre-Devonian  granitic  rocks. 
Movement  occurred  along  some  of  the  largest  faults  in  E.  Victoria  at  this  time, 
though  in  most  cases  the  absence  of  adjacent  Upper  Palaeozoic  sediments  prevents 
discrimination  of  post-Tabberabberan  movements,  e.g.  the  Yalmy  R.,  Gillingall, 
Murrindal  faults.  The  notable  exception  is  the  Indi  Fault  running  northwards  from 
the  vicinity  of  Bindi  and  into  New  South  Wales  along  the  W.  flank  of  Mt  Kosciusko 
where  the  fault  zone  is  well  exposed  along  the  Alpine  Highway;  it  then  joins  the 
fault  systems  of  the  Snowy  Mountains  (Moye,  Sharp,  &  Stapledon  1963).  There 
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have  been  no  discernible  post-Palaeozoic  movements  along  the  Indi  Fault  in 
Victoria  [it  should  not  be  confused  with  the  geomorphic  lineament  termed  the 
Limestone  Creek  Fault  by  Crohn  (1950)  which  lies  obliquely  across  the  arcing 
trend  of  the  Indi  Fault].  Net  movements  along  the  Indi  Fault  during  the  Tabber- 
abberan  deformation  resulted  in  the  downthrow  to  the  E.  and  preservation  of  a 
vast  thickness  of  Cowombat  Group,  Snowy  River  Volcanics,  and  Buchan  Group 
sediments  adjacent  to  the  fault,  whereas  all  of  these  units  were  completely  removed 
from  adjacent  parts  of  the  upthrown  block  to  the  W.  Upper  Devonian  times 
witnessed  the  deposition  of  a  great  thickness  (10,0004-  ft)  of  non-marine  terri¬ 
genous  sediments,  the  Mt  Tambo  Group,  presumed  to  correlate  with  the  Avon 
River  Group.  Subsequent  movement  was  the  reverse  of  that  occurring  during  the 
Tabberabberan  deformation,  resulting  in  preservation  of  the  Mt  Tambo  Group  on 
the  downthrown  W.  side  of  the  Indi  Fault  and  the  complete  stripping  of  this  unit 
from  the  upthrown  E.  side.  The  overall  displacement  in  relation  to  Tabberabberan 
and  later,  presumably  Kanimblan,  movements  was  one  of  downthrow  to  the  E. 
The  controversy  at  Bindi  between  A.  W.  Howitt  and  James  Stirling  (for  literature 
see  Gaskin  1943)  on  the  relationships  of  the  ‘Bindi  Limestone’  (=  Buchan  Group) 
and  the  ‘Mt  Tambo  Beds’  (=  Mt  Tambo  Group)  is  now  seen  to  be  due  to  Howitt 
not  having  discovered  the  Indi  Fault  between  the  two  lithologic  units  and  learned 
its  history  of  reversal  of  movements.  Stirling,  who  was  long  considered  to  have 
lost  the  argument,  correctly  interpreted  the  relationships  between  the  limestones  of 
Old  Hut  Ck  and  the  conglomeratic  sediments  at  Mt  Waterson,  Bindi,  but  was  in 
reality  dealing  with  the  relationships  between  two  Silurian  formations  unconform- 
ably  underlying  the  ‘Bindi  Limestone’. 

Orogensis  and  Granitic  Emplacement 

Until  recently  it  was  customary  to  connect  igneous  activity  in  SE.  Australia  with 
one  or  other  of  a  number  of  discrete  periods  of  deformation,  but  recent  potassium- 
argon  dates  for  the  S.  part  of  the  Tasman  Geosyncline  failed  to  show  the  clearly 
defined  cycles  one  would  expect  if  this  had  been  so  (Evernden  &  Richards  1962). 
It  is  uncertain  at  this  stage  whether  the  cyclic  nature  of  the  granitic  emplacement 
has  tended  to  be  obscured  by  (1)  the  reconnaisance  nature  of  this  survey  over 
such  a  wide  area  and  by  (2)  subsequent  deformation  and  reheating  of  some  of  the 
sampled  localities  by  later  movements.  Depending  on  the  ages  chosen  for  systemic 
boundaries,  the  oldest  of  the  six  granitic  rocks  sampled  in  E.  Victoria  could  be  as 
old  as  about  the  Llandovery-Wenlock  boundary.  Doubt  was  cast  on  the  presence 
of  granitic  rocks  associated  with  the  Benambran  deformation,  but  the  occurrence 
of  granitic  boulders  within  the  Wombat  Creek  Group  is  alone  sufficient  evidence 
for  some  Lower-cum-early  Middle  Silurian  or  older  granitic  emplacement  in  this 
part  of  the  Tasman  Geosyncline.  As  indicated  earlier,  there  are  other  granitic 
bodies  in  E.  Victoria  which  may  be  pre-Wombat  Creek  Group  in  age.  As  already 
indicated  (Talent  1959a),  some  of  the  granitic  intrusions  of  E.  Victoria,  particularly 
those  intruded  immediately  after  the  Bowning  deformation,  can  be  dated  on 
stratigraphic  grounds.  It  is  expected  that  sampling  of  the  granitic  intrusions  of 
C.  Victoria,  along  with  selected  granitic  bodies  in  E.  Victoria,  would  have  pro¬ 
duced  something  of  a  maximum  for  Upper  Devonian  times.  The  youngest  granitic 
rocks  from  Victoria  so  far  dated  are  of  late  Triassic  age  (McDougall  in  Singleton 
1965).  The  extent  to  which  granitic  emplacement  in  Victoria  shows  cyclic 
characterises  is  still  an  open  question. 
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Summary  of  Middle  Palaeozoic  Events 

la.  Strong  deformation  (Benambran  Orogeny)  of  the  pre-Silurian  (Eastonian 
and  older)  sequence  of  E.  Victoria,  contemporaneous  with: 

lb.  Deposition  of  graptolitic  terrigenous  sediments  in  C.  Victoria  following 
on  unabated  from  the  Upper  Ordovician,  seemingly  without  structural  complication. 

2a.  Intrusion  of  post-Eastonian  pre-Wenlockian  granites  in  E.  Victoria  in¬ 
dicated  by  granitic  boulders  within  the  Wombat  Creek  Group.  This  is  assumed  to 
be  the  time  of  intrusion  of  the  Banimboola  Granite,  the  generation  of  the  Omeo 
schists  and  gneisses  sensu  stricto ,  and  intrusion  of  some  of  its  associated  concordant 
granitic  bodies.  This  was  concurrent  with: 

2b.  Uninterrupted  sedimentation  in  C.  Victoria. 

3.  Extrusion  of  the  Mitta  Mitta  Volcanics. 

4a.  Deposition  of  vast  thicknesses  of  essentially  terrigenous  sediments  (Wom¬ 
bat  Creek  Group,  Cowombat  Group)  in  E.  Victoria  commencing  with  great  thick¬ 
nesses  of  basal  conglomerates  and  sandstones. 

4b.  Uninterrupted  deposition  of  virtually  unfossiliferous  marine  terrigenous 
sediments  (Wapentake  Formation)  in  C.  Victoria  during  Wenlockian  times. 

5a.  Continued  deposition  of  the  Cowombat  Group  in  E.  Victoria  into  Lower 
Ludlow  times,  concurrent  with: 

5b.  Deposition  of  the  Dargile  Formation  (including  the  zone  of  Monograptus 
nilssom)  and  its  equivalents  over  a  large  area  of  C.  Victoria  in  Lower  Ludlow 
times. 

6a.  Deformation  of  the  Cowombat  and  Wombat  Creek  groups  at  a  time 
probably  approximating  that  of  the  Bowning  deformation  in  New  South  Wales; 
broadly  concurrent  with: 

6b.  Widespread  deposition  of  the  Mclvor  Formation  in  the  Seymour-Heath- 
cote-Whroo  area  in  late  Ludlow-Skalian-Lower  Gedinnian  times. 

7.  Intrusion  of  the  main  granitic  bodies  of  E.  Victoria,  e.g.  the  Kosciusko 
Granodiorite,  contemporaneous  with  part  or  all  of  events  8  and  9. 

8.  Deposition  of  the  Mt  Ida  Formation  not  far  removed  from  the  W.  shore 
line  of  the  early  Devonian  sea  in  Upper  Gedinnian  times  following  on  without  a 
break  from  the  Mclvor  Formation  and  contemporaneous  with  accumulation  of 
plant-graptolite  facies  over  a  broad  area  of  C.  Victoria  E.  of  a  line  through  Seymour 
and  Healesville.  Quasi-shelf  conditions  at  this  time  supported  benthonic  faunas  about 
Kinglake  West. 

9.  Widespread  deposition  of  the  Tanjil  Formation  in  C.  Victoria  in  Siegenian 
times  contemporaneous  with  the  existence  of  quasi-shelf  conditions  about  Lilydale 
and  Killara. 

10.  Deroofing  of  the  Kosciusko  Granodiorite  and  its  extensions  in  E.  Victoria 
followed  by: 

11.  Accumulation  of  5,000+  ft  of  Timbarra  Formation  associated  with  minor 
igneous  activity. 

12.  Extrusion  of  the  Snowy  River  Volcanics — 10,000+  ft  of  rhyodacites  and 
subordinate  rhyolites,  dacites,  keratophyres,  and  basalts  and  a  large  volume  of 
tuffs  with  subordinate  lacustrine  sediments  and  minor  marine  intercalations  at 
Buchan  and  Errinundra.  Events  10-12  were  contemporaneous  with: 

13a.  Uninterrupted  sedimentation  in  C.  Victoria  with  accumulation  of  the 
middle  part  of  the  Ruddock  Siltstone  contemporaneous  with: 

13b.  Subsidence  and  deposition  of  the  Waratah  Limestone  unconformably 
over  the  Cambrian  complex  at  Waratah  Bay. 
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13c.  Deposition  of  conglomerates  and  lenticular  limestones  at  the  base  of  the 
Walhalla  Group  giving  way  to  rapid  accumulation  of  poorly  fossiliferous  terri¬ 
genous  sediments  (lower  Walhalla  Group). 

13d.  Subsidence  of  the  area  about  the  Mitchell  and  Wentworth  R.  in  Upper 
Siegenian  times  followed  by  marine  deposition  of  the  Wild  Horse  Formation  and 
of  the  Dead  Bull  and  Kilgower  members  of  the  Tabberabbera  Formation. 

14a.  Uninterrupted  sedimentation  in  C.  Victoria  with  accumulation  of  the 
highest  beds  of  the  Ruddock  Siltstone  and  the  Lilydale  Limestone. 

14b.  Erosion  of  some  of  the  Waratah  Limestone  off  the  Waratah  Axis  contem¬ 
poraneous  with  deposition  of  the  Liptrap  Formation. 

14c.  Block  faulting  of  the  Snowy  River  Volcanics  and  planation. 

15a.  Regression  of  the  seas  from  C.  Victoria  indicated  by  the  Cathedral  Beds 
and  Cave  Hill  Sandstone. 

15b.  Subsidence  of  much  of  E.  Victoria  with  deposition  of  the  essentially 
terrigenous  Roaring  Mag  Member  at  Tabberabbera,  and  deposition  of  the  Buchan 
Caves  Limestone  over  the  eroded  surfaces  of  blocks  of  Snowy  River  Volcanics  and 
Cowombat  Group  on  the  Buchan-Indi-Combienbar  shelf. 

15c.  Resumption  of  carbonate  sedimentation  (Bell  Point  Limestone)  on  the 
Waratah  Axis. 

16.  Accumulation  of  the  Taravale  Formation  in  facies  relationship  with  the 
Murrindal  Limestone. 

17.  No  record  of  Givetian  sediments. 

18a.  Deformation  throughout  the  State  (Tabberabberan  Orogeny)  at  some 
time  in  the  interval  post-Eifelian  to  some  time  in  the  Upper  Devonian. 

18b.  Tectonically  controlled  intrusion  of  the  Woods  Point  and  Tabberabbera 
dyke  swarms. 

18c.  Movements  along  major  faults  in  E.  Victoria,  particularly  those  asso¬ 
ciated  with  the  Snowy  River  Volcanics  belt,  e.g.  Indi  Fault. 

19a.  Denudation  concurrent  with  accumulation  of  non-marine  Upper  Devonian 
sediments  over  uneven  surfaces  in  E.  Victoria.  Extrusion  of  minor  rhyolites  in  the 
Mt  Tambo  Beds,  but  with  greater  development  of  rhyolites  and  basalts  farther  W. 
in  the  Avon  River  Group. 

19b.  Extensive  volcanic  outpourings,  partly  from  ring  fractures,  in  C.  Victoria, 
to  be  intruded  subsequently  by  their  parent  magmas  at  some  time  close  to  the 
Devono-Carboniferous  boundary. 

20.  At  undetermined  later  dates  (?  Carboniferous)  tilting  of  the  Mt  Tambo 
Beds  and  renewed  movement  along  the  Indi  Fault  with  downthrow  to  the  W.,  the 
reverse  of  movements  associated  with  the  Tabberabberan  Orogeny. 

21.  Intrusion  of  the  granite-porphyi^s  (e.g.  The  Sisters  Granite)  and  syenites 
of  the  Benambra-Marengo-Beloka  area  in  late  Triassic  times. 
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A  NEW  SPECIES  OF  CONCHOSTRACAN  FROM  THE  LOWER 
CRETACEOUS  OF  VICTORIA 

By  John  A.  Talent 

Geological  Survey  of  Victoria 

Abstract 

Cyzicus  (?)  branchocarus  sp.  nov.,  the  first  Mesozoic  conchostracan  to  be  found  in 
Victoria,  is  described  from  abundant  material  from  Lower  Cretaceous  (Valanginian-Aptian) 
sediments  of  the  Korumburra  Group  near  Koonwarra,  Victoria.  Problems  of  stratigraphic 
nomenclature  and  of  generic  classification  of  Conchostraca  are  discussed. 

Introduction 

Straightening  of  the  South  Gippsland  Highway  by  the  Victorian  Country  Roads 
Board  in  1961  lead  to  the  discovery  of  abundant  plant  and  fish  remains  in  Lower 
Cretaceous  sediments  intersected  in  a  new  road  cutting  1*5  miles  W.  of  Tarwin  and 
2*5  miles  E.  of  Koonwarra,  93*5  miles  by  road  SE.  of  Melbourne.  The  locality  is 
11*5  chains  W.  of  the  NE.  corner  of  allotment  87,  parish  of  Leongatha.  Due 
principally  to  the  enthusiasm  of  Mr  J.  M.  Bowler,  large-scale  collecting  was  carried 
out  by  the  Geology  Department,  University  of  Melbourne  and,  subsequently,  by 
personnel  of  the  National  Museum  and  the  Geological  Survey  of  Victoria.  In 
addition  to  abundant  fish  and  plant  remains,  the  horizon  has  yielded  an  abundance 
of  insects,  principally  larvae  (Carroll  1962),  a  limulid,  and .  abundant,  generally 
poorly  preserved,  conchostracans.  The  plant  remains  are  presently  being  described 
by  Miss  Elizabeth  Carroll  of  the  University  of  Melbourne;  the  insects  are  to  be 
described  by  Mr  Edgar  Riek  of  the  Division  of  Entomology,  Commonwealth 
Scientific  and  Industrial  Research  Organization. 

The  conchostracans  and  associated  fauna  occur  typically  in  claystones  forming 
the  upper  parts  of  beds  of  felspathic  siltstone  4  to  5  mm  thick  grading  upwards  to 
finely  banded  claystone.  Fossils  have  been  collected  through  a  thickness  of  approxi¬ 
mately  10  ft  stratigraphically.  The  sediments  represent  a  small  lacustrine  or  paludal 
development  in  the  vast  thickness  (10,000-1-  ft)  of  Lower  Cretaceous  rocks  out¬ 
cropping  across  S.  Victoria  in  five  principal  outcrop  tracts.  Each  of  these  outcrop 
tracts  has  received  a  formal  stratigraphic  name  (Medwell  1954):  Merino  Group, 
Otway  Group,  Barrabool  Sandstone,  Tyers  Group,  and  Korumburra  Group  (senior 
synonym  of  Strzelecki  Group),  though  in  all  cases  formal  subdivision  has  yet  to 
be  worked  out  in  satisfactory  agreement  with  the  requirements  of  the  Australian 
Code  of  Stratigraphic  Nomenclature.  The  slight  differences  in  lithology  between 
each  of  these  occurrences  compared  with  vertical  variation  within  each  belt  of 
sediments,  the  relative  monotony  of  the  macro-  and  microfloras  (Medwell  1954; 
Dettmann  1963),  the  short  interval  of  time  involved,  and  the  virtual  continuity 
sub-surface  between  the  various  outcrop  tracts  are  making  it  increasingly  difficult 
to  apply  a  separate  nomenclature  for  each  outcrop  tract  and,  at  the  same  time, 
strive  towards  an  overall  understanding  of  the  structural  and  stratigraphic 
evolution  of  the  State  in  Cretaceous  times.  Should  one  all-embracing  group  name 
be  deemed  desirable,  then  the  oldest  formally  defined  name,  Korumburra  Group 
(Stirling  1899,  p.  54),  could  be  redefined  to  embrace  the  entire  belt  of  surface  and 
sub-surface  non-marine  Lower  Cretaceous  sediments  of  S.  Victoria. 
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Previously  recorded  invertebrate  faunas  of  the  Korumburra  Group,  away  from 
Koonwarra,  considered  in  this  extended  sense,  are  restricted  to  rare  finds  of 
Unio-Yike  lamellibranchs  (Stirling  1892,  McMichael  1956).  Vertebrate  remains 
consist  merely  of  records  of  a  dinosaur  claw  and  a  tooth  of  Ceratodus  from  Cape 
Patterson  (Woodward  1906,  1907),  two  fishes  from  Casterton  (Hall  1899),  and 
a  dipnoan  scale  from  Kirrak  (Chapman  1912). 

Conchostraca  are  typically  inhabitants  of  ephemeral  waters,  but  occur  rarely 
even  in  large  rivers  such  as  the  Danube  and  Yenisei.  Records  of  them  being  found 
fossil  in  association  with  marine  faunas  consist  of  single  specimens  obviously 
washed  into  marine  or  paralic  environments  (cf.  Kobayashi  1954,  p.  52-55).  The 
presence  of  a  limulid  in  association  with  conchostracans  is  not  necessarily  anom¬ 
alous,  for  the  habitat  of  the  living  Carcinoscorpius  includes  virtually  fresh  water. 
Microplankton  have  not  been  found  within  the  Korumburra  Group  of  S.  Victoria, 
but  their  presence  in  bores  in  the  vicinity  of  the  South  Australian  border  (Hodgson 
1964,  Douglas  1964)  and  at  Duck  Bay  in  E.  Victoria  (Evans  &  Hodgson  1964) 
may  indicate  an  approach  to  quasi-marine  environments  in  these  directions.  Faunal 
and  floral  evidence  elsewhere  indicates  accumulation  of  the  Korumburra  Group  in 
non-marine  environments. 

The  collections  used  for  the  present  description  were  amassed  principally  by 
Miss  Marjorie  Hall,  Mrs  I.  Knight,  and  Mr  J.  G.  Douglas  of  the  Mines  Department 
of  Victoria,  supplemented  by  extensive  collections  generously  put  at  my  disposal 
by  Mr  Peter  Duncan  of  the  State  Electricity  Commission  of  Victoria.  I  am  indebted 
to  them,  to  Mr  Philip  Bock  for  his  care  with  the  photographs,  to  Professor  C.  M. 
Tattam,  Dr  G.  A.  Thomas,  and  Mr  J.  M.  Bowler  for  access  to  collections  made  by 
the  University  of  Melbourne,  to  Mr  E.  D.  Gill  for  access  to  collections  made  for 
the  National  Museum  of  Victoria,  to  Dr  D.  E.  Thomas,  Director  of  Geological 
Survey,  for  permission  to  publish,  and  to  Professor  Akira  Hase  of  Hiroshima 
University  for  the  generous  gift  many  years  ago  of  representative  polymorphic 
conchostracans  from  the  Cretaceous  Yamaji  Shale  of  the  Kwanmon  Group  of 
Japan,  and  of  an  annotated  translation  of  his  paper  on  these  forms  (Hase  1948). 

Systematic  Description 

Order  Conchostraca  Sars 

If  we  omit  consideration  of  forms  having  spinose  dorsal  margins  (e.g.  Vertexia 
Lutkevich),  umbonal  spines  (e.g.  Echinestheria  Marliere)  or  radial  ornament 
(Estheriellidae,  Leaiadidae),  the  features  available  for  generic  classification  of 
fossil  conchostracans  virtually  reduce  to  carapace  shape  (including  position  and 
prominence  of  the  umbo),  microscopic  ornament,  and  density  of  growth  segments. 
Because  of  wide  intraspecific  variation  in  these  characters,  the  classification  of 
living  conchostracans  has  relied  chiefly  on  the  structures  of  the  head  and  append¬ 
ages.  This  has  been  stressed  by  the  most  prolific  workers  on  living  forms  (e.g. 
Daday  de  Dees  1915-27,  Botnariuc  1945),  Daday  going  so  far  as  to  stress  the 
impossibility  of  discriminating  between  species  of  Leptestheria  on  carapace  char¬ 
acteristics  alone:  ‘Notons  encore  que,  pour  la  caracteristique  des  especes,  on  ne 
peut  que  rarement  utiliser  la  forme  des  valves  et  la  structure  de  leur  surface  a  cause 
de  la  variability  d’individu  a  individu;  d’autres  caracteres  doivent  etre  pris  en 
consideration:  la  forme  du  rostre  des  males,  la  structure  des  10M4®  paires  de 
pattes  des  femelles,  celle  du  bord  dorsal  du  telson,  de  la  face  dorsal  des  segments 
posterieurs;  sans  la  connaissance  exacte  de  ces  particularites  il  serait  impossible  de 
distinguer  les  Leptestheria  les  uns  des  autres.’ 
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Fossil  conchostracans  are  particularly  subject  to  deformation  and  are  often 
found  in  a  crumpled  state;  discrimination  of  species  and  genera  on  form  alone 
therefore  becomes  increasingly  difficult  and  tends  to  result  in  long  lists  of  sub¬ 
families,  genera,  and  species  based  on  forms  which  may  well  be  conspecific.  Studies 
such  as  those  of  Hase  (1948),  Marliere  (1950),  Feys  (1954),  and  Housa  & 
Spinar  (1962)  are  sobering  in  this  regard.  Other  workers  (e.g.  Raymond  1946; 
Novozhilov  1954,  1956,  1958,  1960;  Kobayashi  1954)  have  adopted  a  more 
liberal  attitude  to  secondary  deformation  in  endeavouring  to  discriminate  strati* 
graphically  useful  forms.  Nevertheless,  bearing  in  mind  the  previously  cited 
examples  of  extreme  variation  due  to  post-mortal  deformation  and  of  wide  variation 
in  the  carapace  of  living  forms  such  as  that  documented  for  Leptestheria  daha - 
lacensis  (Riippell)  (Daday  de  Dees  1923,  Fig.  99  ),  it  would  seem  wisest  to  avoid 
basing  new  fossil  genera  and  family-groups  on  carapace  characteristics  that  are 
identical  with  or  approximate  those  of  living  forms.  Accordingly,  the  majority  of 
nondescript  fossil  Conchostraca  can  be  referred  to  the  Cyzicidae,  Leptestheriidae, 
Imnadiidae,  Limnadiidae,  Limnadiopseidae,  and  Cyclestheriidae,  families  based  in 
the  first  instance  on  living  forms.  Gross  shell  morphology  can  be  applied  in 
discriminating  between  the  last  four  families,  but  there  is  pronounced  overlap  in 
the  broad  morphology  of  the  carapaces  of  the  Cyzicidae  and  Leptestheriidae.  There 
is,  however,  almost  complete  dichotomy  in  sculpture  of  the  growth  segments  between 
these  two  families,  various  reticulate  patterns  indicating  Leptestheriidae,  and 
punctate  to  maculate  and  radiate  patterns  indicating  Cyzicidae.  Because,  in  the 
present  instance,  I  have  not  been  able  to  show  significant  differences  in  carapace 
between  the  form  under  discussion  and  the  living  cyzicids,  I  have  referred  it  to 
that  family  and  doubtfully  to  the  genus  Cyzicus,  19  out  of  20  species  of  which  have 
punctate  to  maculate  microsculpture.  Had  the  microsculpture  been  reticulate  like 
that  of  the  well  known  ' Estheria 9  minuta  Goldfuss  (e.g.  Bock  1953,  Rcible  1962), 
its  affinities  would  have  been  best  indicated  by  queried  reference  to  Leptestheria , 
the  typical  and  most  numerous  genus  of  the  Leptestheriida.  A  case  can  be  made 
for  tentatively  referring  forms  with  radiate  ornament  to  the  cyzicid  genus  Caenes- 
theriella,  for  12  of  the  13  living  species  with  this  type  of  ornament  were  referred 
to  that  genus  by  Daday  de  Dees  in  his  monograph  of  the  living  Conchostraca.  This 
method  is  only  a  partial  solution  to  the  problem  of  dealing  with  fossil  cyzicid  and 
leptestheriid  conchostracan  carapaces  which  only  partially  reflect  the  diagnostic 
characters  of  the  animal. 

Family  Cyzicidae  Stebbing  1910 
Genus  Cyzicus  Audouin  1837 
Cyzicus  (?)  banchocarus  sp.  nov. 

(PI.  26,  fig.  1-11;  Fig.  1) 

Diagnosis:  A  moderate-sized  cyzicid  conchostracan  having  an  initial  disc  about 
0-4  or  0-6  mm  high,  with  14  or  15  growth  bands  at  a  height  of  3  5  mm  [length 
5  0  mm],  with  fine  marginal  growth  lines  in  adult  specimens  and  with  punctate 
ornament  of  the  growth  bands. 

Types:  Holotype  Geol.  Surv.  Viet.  58560;  paratypes  Geol.  Surv.  Viet.  58555- 
58559,  58561-58565. 

Description:  Carapace  gently  convex,  sub-oval  with  nearly  straight  dorsal 
margin  extending  for  half  the  length  of  the  carapace;  antero-dorsal  margin  feebly 
curved,  anterior,  ventral  and  posterior  margins  evenly  curved  with  postero-dorsal 
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margin  rounding  into  the  dorsal  margin  at  an  angle  of  about  140°  in  carapaces 
about  1  mm  in  length,  becoming  more  oblique  in  mature  shells  to  as  low  as  160° 
(e.g.  PI.  26,  fig.  5);  umbo  not  projecting  above  the  dorsal  margin,  located  at 
23-28%  of  the  length  from  the  anterior  end  of  the  carapace;  initial  disc  seemingly 
about  0*6  mm  high  with  indications  of  a  growth  line  on  some  at  about  0  4  mm  and 
on  others  at  distances  between  0  7  and  0  9  mm;  growth  bands  concentric  except 
for  the  dorsal  margin,  delineated  by  a  distinct  depression  with  a  hair-line  ridge  on 
the  inner  surface  and  a  corresponding  broad  ridge  on  the  exterior;  growth  bands 
numbering  about  15  on  a  specimen  5*2  mm  long  and  3  8  mm  high,  with  a 
maximum  of  18  bands;  surface  of  bands  on  most  material  smooth  with,  on  large 
specimens,  fine  concentric  lirae  on  marginal  bands  and  rarely  elsewhere,  but  on 
well  preserved  specimens  having  fine  punctae,  0  003  mm  in  diameter,  spaced  2  or  3 
times  this  diameter  apart. 


Fig.  1 — Dimensions  of  Cyzicus  (?)  banchocarus  sp.  nov.  All  specimens  from  the 
N.  side  of  the  South  Gippsland  Highway  11  5  chains  W.  of  the  NE.  corner  of 
allotment  87,  parish  of  Leongatha. 


Dimensions:  Because  of  the  abundance  of  material,  the  dimensions  of  65 
complete  specimens  are  plotted  as  Fig.  1.  The  largest  specimen  is  6  2  mm  long 
and  4-2  mm  high;  the  smallest  specimen  15  mm  long  and  1  05  mm  high  with 
a  fairly  even  spread  between  these  limits.  Growth  stages  occur  in  one  well  preserved 
2  6i  mm,  but  there  is  considerable  variation  between  specimens  due  in  part  to 
specimen  at  about  0  4,  0  53,  0  6g,  0  83,  1  04,  l-25,  1  52,  184,  212,  2  32,  and 
deformation. 
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Discussion:  The  available  material  is  distorted  and  crumpled  to  varying  degrees, 
but  the  distortion  is  much  less  than  generally  met  with  in  the  Palaeozoic  and 
Mesozoic  conchostracan  faunas  elsewhere.  One  specimen  with  the  two  parts  of 
the  carapace  oriented  at  right  angles  has  a  7%  difference  in  dimensions.  Earlier 
instars  tend  to  be  obscure  or  indiscernible  on  most  specimens  and  in  extreme  cases 
growth  segments  cannot  be  made  out  on  the  carapaces.  The  growth  segments  are 
normally  smooth,  but  a  few  specimens  (e.g.  GSV  58564)  show  regularly  spaced 
minute  pin-prick-like  punctae,  so  there  is  reasonable  certainty  that  the  original 
surface  of  this  species  was  minutely  punctate  like  living  species  of  Cyzicus.  Except 
for  its  smaller  size  and  less  protruding  umbo,  C.  [1) banchocarus  is  very  much  like 
the  living  Cyzicus  tetracerus  Krynicki  (e.g.  Botnariuc  &  Orghidan  1953,  Fig.  16), 
the  types  species  by  monotypy  of  Cyzicus  Audouin  (Talent  1958). 

There  are  no  previous  descriptions  of  Cretaceous  or  Jurassic  conchostracans 
from  Australia,  but  13  species  of  Permian  and  Triassic  conchostracans  have  been 
described  under  the  generic  name  Estheria  from  Queensland  and  New  South  Wales 
(Mitchell  1927).  In  recent  years,  these  have  been  relocated  generically  and  some  of 
them  have  been  split  (Novozhilov  1958)  on  the  basis  of  published  illustrations. 
In  the  following  discussion,  questions  of  deformation  and  possible  synonymy  are 
omitted;  recent  generic  placements  are  indicated  in  brackets.  E.  ipsviciensis  Mitchell 
[Pseudestheria  Raymond  1946,  Euestheria  Kobayashi  1954]  from  the  Triassic  of 
Queensland  resembles  C.  (?)  banchocarus  in  general  size,  proportions,  rounded 
dorsal  margin,  and  absence  of  reticulate  ornament  from  the  growth  bands.  The 
umbo  does  not  protrude  above  the  dorsal  margin,  but  mature  specimens  of 
E.  ipsviciensis  have  22  or  more  growth  bands  compared  with  12-16  in  the  present 
form.  E.  coghlani  Etheridge  [ Palaeolimnadia  Raymond  1946,  Euestheria  (?) 
Kobayashi  1954,  Belgolimnadia  Novozhilov  1958  in  part]  has  similar  concave 
growth  bands  but  a  more  arcuate  dorsal  margin.  Younger  forms  of  C.  (?)  bancho¬ 
carus  (e.g.  PI.  26,  fig.  4,  5)  resemble  E .  glenleensis  Mitchell  [Palaeolimnadia 
Raymond  1946,  Novozhilov  1954,  Estheriina  Kobayashi  1954],  but  the  copious 
material  available  for  C.  (?)  banchocarus  shows  these  to  be  earlier  growth  stages 
rather  than  a  matter  of  different  genera.  E,  novocastrensis  Mitchell  [Pseudestheria 
Raymond  1946,  Novozhilov  1954,  Euestheria  Kobayashi  1954]  is  considerably 
larger  than  C.  (?)  banchocarus ,  has  a  well  defined  postero-dorsal  angulation,  and 
straighter  dorsal  and  antero-dorsal  margins.  E.  trigonellaris  Mitchell  [Pseudestheria 
Raymond  1946,  Euestheria  Kobayashi  1954]  has  similar  ornament  to  C.  (?) 
banchocarus ,  but  the  umbo  protrudes  above  the  dorsal  margin  and  is  less  anteriorly 
situated.  E.  obliqua  Mitchell  (?  synonym  of  E.  novocastrensis )  [Pseudestheria  (?) 
Raymond  1946,  Pseudestheria  Novozhilov  1954,  1958,  Euestheria  Kobayashi  1954] 
is  of  larger  size  and  has  a  straighter  dorsal  margin.  E.  lata  Mitchell  (=  Cyclestheria 
mitchelliana  Novozhilov  1958  in  part)  [Pseudestheria  Raymond  1946,  Euestheria 
Kobayashi  1954]  has  similar  well  rounded  margins  but  is  proportionately  higher. 
E.  belmontensis  Mitchell  [Pseudestheria  Raymond  1946,  Lioestheria  (?)  Kobayashi 
1954,  Glyptoasmussia  Novozhilov  1958]  has  a  straighter  dorsal  margin,  is  propor¬ 
tionately  higher,  and  has  somewhat  more  (19-20)  growth  bands.  E.  linguiformis 
[?  Palaeolimnadia  Raymond  1946,  Estheriina  Kobayashi  1954]  has  similar  pro¬ 
portions,  but  a  straighter  dorsal  margin  and  a  much  more  oblique  carapace  than 
C.  (?)  banchocarus . 

The  Mesozoic  conchostracans  of  Asia  have  been  described  principally  by  Y.  S. 
Chi  (1931),  N.  Novozhilov  (1954,  1958),  T.  Kobayashi  and  co-workers  (prin¬ 
cipally  1942,  1947a,  1947b,  1951,  1953,  1954),  H.  Kusumi  (1960),  W.  T.  Chang 
(1957a  &  b)  and  by  Chang  &  P.  C.  Chen  (1964).  Estherites  shimamurai  Kobayashi 
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from  the  possible  late  Triassic  of  Jehol  and  North  Korea  and  Estheria  zeili  Mansuy 
from  the  late  Triassic  or  early  Jurassic  of  Laos  have  similar  shape,  size,  and 
density  of  growth  bands  to  C.  (?)  banchocarus  but  bear  reticulate  ornament 
(Kobayashi  1951,  Mansuy  1912).  The  later  Mesozoic  conchostracan  faunas  of 
Asia  are  dominated  by  forms  bearing  reticulate  to  radiate  microsculpture  (e.g. 
Chang  &  Chen  1964)  and  therefore,  in  general,  do  not  resemble  C.  (?)  banchocarus. 
P seudestheria  turfanensis  Novozhilov  (=  Estheria  singkiangensis  Chi  in  part)  from 
Mongolia  and  Sinkiang  has  a  straighter  dorsal  margin,  more  oblique  carapace  and 
is  much  larger  than  C.  (?)  banchocarus.  P.  concinna  Novozhilov  could  be  con¬ 
strued  as  a  near  synonym  of  C.  (?)  banchocarus  were  it  not  for  its  reticulate 
ornament  and  more  defined  postero-dorsal  angulation.  Esther ites  endoi  Kobayashi 
&  Kido  from  Manchuria  has  punctate  to  radiate  growth  bands  but  differs  in  being 
much  larger  and  in  bearing  a  greater  number  of  growth  bands  (20-30).  E. 
kyongsangensis  paucilineata  Kobayashi  &  Kido  likewise  has  a  similar  general  shape 
to  C.  (?)  branchocarus  but  is  somewhat  larger  and  has  its  growth  bands  ornamented 
by  radial  lirae. 
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Explanation  of  Plate 

Plate  26 

Cyzicus  (?)  banchocarus  sp.  nov.  1-3 — large  paratypes,  GSV  58555,  58556,  and  58557 
respectively,  X  11,  showing  varying  preservation  of  growth  segments;  these  typically  fade 
out  towards  the  postero-lateral  margin  and  become  indistinct  on  the  umbo.  4,  5 — coun¬ 
terpart  paratypes  GSV  58558  and  58559  respectively,  X  9,  showing  the  progressive 
increase  in  the  angle  by  which  the  postero-dorsal  margin  rounds  into  the  dorsal  margin. 
6 — holotype  internal  mould  GSV  58560,  X  11,  with  low  lighting  to  show  the  concave 
growth  segments  and  the  fine  ridges  on  the  interior  at  the  junction  of  each  pair  of  growth 
segments.  7 — paratype  GSV  58561,  X  9,  showing  crumpling  and  exaggeration  of  growth 
segments  associated  with  lateral  compression.  8,  9 — paratypes  GSV  58562  and  58563, 
X  11  and  X  10  respectively,  showing  varying  preservation;  fig.  9  showing  two  crumples, 
due  to  deformation  of  the  carapace,  mimicking  the  radii  of  Leaia  Jones.  10 — enlargement 
of  part  of  the  surface  of  paratype  GSV  58564,  X  40,  showing  minutely  punctate  surface 
texture.  11 — enlargement  of  part  of  surface  of  paratype  GSV  58565,  X  50,  showing 
uneven  preservation  of  the  minutely  punctate  surface  ornament.  All  specimens  are  in 
the  collections  of  the  Geological  Survey  of  Victoria,  Mines  Dept,  Melbourne.  Photographs 
are  by  Mr  P.  E.  Bock. 
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the  structure  and  stratigraphy  of  the  siluro-devonian 

SEDIMENTS  OF  THE  MIDDLE  YARRA  BASIN, 

CENTRAL  VICTORIA 

By  Bruce  R.  Moore 
Geology  Department,  University  of  Melbourne 

Abstract 

An  account  of  the  structure  of  the  area  is  given,  including  descriptions  of  the  major  dome 
and  basin  structures.  The  rock  units  are  defined  and  the  sequence  of  sedimentation  given  in 
a  geological  column. 

Introduction 

The  present  work  on  the  Siluro-Devonian  is  contributed  as  a  further  link 
between  the  detailed  mapping  of  the  Upper  Yarra  Region  and  the  Walhalla 
Synclinorium  in  the  E.  and  the  Kinglake,  Seymour,  and  Heathcote  areas  in  the  W. 

The  boundaries  of  the  present  work  have  been  chosen  so  that  the  sheet  will 
join  with  the  mapping  of  Williams  (1964)  and  Moore  (1965).  The  work  of 
E.  D.  Gill  in  the  Lilydale  region  over  the  past  20  years  has  been  generously  made 
available,  enabling  accurate  palaeontological  control  to  be  exercised  on  the  struc¬ 
tural  mapping  in  this  region.  Likewise  the  valuable  unpublished  palaeontological 
work  of  Thomas  and  Kenley  has  contributed  to  the  structure  analysis. 

The  mapping  in  this  work  has  been  confined  to  the  Palaeozoic  sediments,  the 
Palaeozoic  igneous  boundaries  being  taken  from  Hills  (1959)  and  Edwards  (1956). 

The  Tertiary  volcanic  boundaries  of  the  Woori  Yallock  Basin  are  taken  from 
Edwards  (1940). 

Structure 

As  in  other  parts  of  Central  Victoria,  the  typical  N.-S.  trend  of  the  Siluro- 
Devonian  fold  structures  of  Central  Victoria  also  dominates  this  area.  The 
constantly  changing  plunges  are  responsible  for  several  major  domes  and  basins. 
The  most  prominent  of  these  are  the  Warrandyte  Dome,  Lilydale  Basin,  Maccles¬ 
field  Dome,  and  the  Kiilara  Basin.  Other  minor  domes  and  basins  occur  on  the 
flanks  of  these  structures. 

Warrandyte  Dome 

This  large  structure  was  formerly  called  the  Warrandyte  Anticlinorium  by 
Jutson  (1911b).  Recent  mapping  has  revealed  the  domal  nature  with  strong 
northerly  plunges  in  the  vicinity  of  Warrandyte  and  gentle  southerly  plunges  to  the 
S.  at  Ringwood.  The  dome  has  a  complex  anticlinorial  form  with  numerous  small 
folds  dying  out  along  the  strike.  Two  major  anticlines  dominate  the  structure  at 
Warrandyte  itself.  Strong  northerly  plunges  up  to  30°  are  observed  to  the  N.  and 
E.  of  the  dome,  on  the  Yarra  R.  and  the  Jumping  Ck  Rd.  Several  small  folds  are 
present  on  the  E.  flank  but  the  dip  continues  E.  towards  the  Lilydale  Basin.  The 
centre  of  the  dome  experienced  considerable  mineralization  and  valuable  gold 
deposits  were  mined  at  Warrandyte.  The  sediments  at  the  centre  of  the  dome  are  the 
oldest  to  outcrop  in  the  area  mapped,  with  the  possible  exception  of  the  West 
Warburton  area  where  both  structure  and  fossils  are  obscure. 
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Lilydale  Basin 

This  important  structure  adjoins  the  Warrandyte  Dome  and  all  the  major  rock 
units  of  the  area  are  exposed  in  the  section  W.  from  the  centre  of  the  Warrandyte 
Dome  to  Lilydale.  The  structure  is  simple  in  the  Croydon  area  and  S.  to  Rowville, 
but  becomes  complex  to  the  N.  towards  the  Yering  Gorge  crush  zone  where  a  large 
number  of  minor  folds  appear  on  the  W.  flank  of  the  basin.  The  basin  is  approxi¬ 
mately  12  miles  in  length,  stretching  from  Yarra  Glen  in  the  N.  to  Rowville  in 
the  S.,  containing  the  sediments  of  the  Yering  Group,  outcropping  over  a  width  of 
some  4  miles  at  Lilydale.  The  Cave  Hill  Limestone  Quarry  is  the  geographical  and 
stratigraphic  centre  of  the  basin  and,  unfortunately,  much  of  the  E.  portion  of  the 
basin  is  obscured  by  the  Dandenong  Ranges  Igneous  Complex.  The  structure  of 
this  portion  has  to  be  inferred  from  the  outcrops  in  the  NE.  at  Coldstream  and 
Yering,  since  those  to  the  immediate  E.  of  the  Dandenong  Ra.  are  obscured  by 
heavy  soil  cover. 

The  rocks  within  the  confines  of  the  Lilydale  Basin  contain  rich  brachiopod 
faunas  which  indicate  these  sediments  to  be  the  youngest  in  the  region,  a  fact 
which  is  fully  supported  by  the  structural  evidence.  Numerous  small  folds  on  the 
W.  side  of  the  basin  produce  repeats  of  the  brachiopod  beds  in  the  region  of 
Ruddocks  Quarry  and  the  Chirnside  Estate  at  Lilydale. 

Three  and  a  half  miles  to  the  E.  of  the  main  axis  of  the  Lilydale  Basin  is  the 
prominent  plunging  synclinal  structure  of  the  Yering  Basin.  The  outcrop  pattern 
is  seen  clearly  on  the  property  of  ‘Yeringberg’  where  the  N.  end  of  the  basin  is 
outlined  in  resistant  quartzite.  The  S.  end  of  the  basin  is  partly  obscured  by  the 
Dandenongs  lavas  and  heavy  soil  cover  from  the  Older  Basalt  outcrops  in  the 
region,  but  the  N.  plunge  of  this  end  can  be  deduced  from  outcrops  on  the  W. 
flank  of  the  important  Macclesfield  Dome  farther  E. 

Macclesfield  Dome 

The  axis  of  the  dome  runs  from  Emerald  in  the  S.,  10  miles  N.  to  Seville.  This 
line  is  a  prominent  anticlinal  trend  since  outcrops  to  the  N.  indicate  an  extension 
to  join  with  the  Pauls  Range  Anticline  running  through  as  far  N.  as  Toolangi. 

The  rock  units  and  the  corresponding  palaeontological  horizons  from  Lower 
Silurian  can  be  traced  outwards  from  the  centre  of  the  dome  until  the  rich 
brachiopod  faunas  of  the  Devonian  are  encountered.  Only  the  N.  end  is  visible  in 
outcrop  due  to  intrusion  by  the  pluton  in  the  Gembrook-Cockatoo  area.  The  curves 
of  the  strike  of  outcrop  can  be  traced  from  Monbulk  in  the  W.  to  the  nose  of  the 
fold  S.  of  Seville,  where  the  strata  plunge  40°  N.  with  an  E.-W.  strike.  The  strikes 
on  the  E.  flank  of  the  dome  can  then  be  traced  E.  through  Yellingbo  to  Nangana. 
Monograptiis  priodon  occurs  at  the  centre  of  the  dome  near  Macclesfield  and 
younger  strata  occur  away  from  the  centre  until  the  Yeringian  brachiopod  faunas 
are  encountered  at  Yellingbo. 

Killara  Basin 

The  Killara  Basin  lies  immediately  to  the  E.  of  the  Macclesfield  Dome,  having 
an  arcuate  form  convex  to  the  W.  Repeats  of  the  strata  at  Lilydale  are  preserved  in 
the  basin  where  richly  fossiliferous  Yeringian  faunas  have  been  recorded  by  Gill 
(1940).  The  S.  end  of  the  basin  extends  S.  of  Yellingbo  towards  Nangana,  while 
the  N.  end  disappears  under  the  alluvium  of  the  Yarra  valley  N.  of  the  junction 
between  the  Woori  Yallock  Ck  and  the  Yarra  R. 


Fig.  1 
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Woori  Yallock  Dome 

This  structure  is  marked  by  plunges  of  24°  to  the  S.  at  Sheep  Station  Ck  and 
approximately  20°  N.  on  the  S.  margin  of  the  Acheron  Cauldron.  Farther  E. 
towards  Warburton,  repeats  of  older  strata  occur  in  the  Launching  Place-Hoddles 
Ck  anticline  and  other  small  folds.  Exposures  of  structure  are  concealed  towards 
Warburton  by  heavy  soil  cover  and  the  metamorphic  zone  of  the  pluton  to  the 
S.  and  E. 

The  Woori  Yallock  Dome  forms  portion  of  the  W.  limb  of  the  Upper  Yarra 
Anticlinorium,  Moore  (1964),  but  the  exact  age  and  structure  of  the  sediments 
are  made  obscure  by  lack  of  outcrop. 

Brushy  Creek  Escarpment 

This  prominent  escarpment  runs  from  S.  of  Croydon  township,  N.  to  the  Yarra 
R.  at  its  junction  with  Brushy  Ck,  then  NE.  past  Yarra  Glen  to  Mt  Slide.  This 
escarpment  was  formerly  attributed  to  faulting  (Jutson  1911a),  but  later  shown  by 
Hills  (1934)  to  be  due  to  the  differential  erosion  of  the  resistant  Christmas  Hills 
Quartzite  and  the  softer  sediments  of  the  Lilydale  Basin.  In  the  present  survey  the 
entire  escarpment  was  mapped  in  detail  and  no  evidence  of  faulting  was  detected 
on  either  the  airphotos  or  ground  structure. 

The  Christmas  Hills  Quartzite  was  shown  to  be  the  indurated  and  coarser  top 
member  of  a  large  formation  of  siltstones.  Whether  the  hardening  of  the  siltstones 
is  due  to  surface  silicification,  or  to  induration  associated  with  the  ore  bodies  of 
the  Warrandyte  Dome,  is  difficult  to  determine.  This  quartzite  band  is  overlain 
always  by  the  relatively  impervious  Ruddocks  Mudstone,  both  at  Lilydale  and 
Yarra  Glen,  and  the  Warramate  Hills  and  Yering.  The  quartzite  shows  one 
displacement  across  the  line  of  the  escarpment,  and  the  preservation  of  younger 
strata  to  the  E.  of  the  escarpment  can  be  accounted  for  by  the  fold  structures 
without  a  postulate  of  faulting. 

Likewise,  no  direct  evidence  of  faulting  along  the  W.  margin  of  the  Dandenongs 
Lava  Complex  was  observed  in  the  structure  of  the  Palaeozoic  bedrock,  either 
against  the  lavas  or  in  the  structures  to  the  N.  at  Lilydale  and  Coldstream. 

Yering  Gorge  Crush  Zone 

The  Yering  Gorge  occurs  on  the  Yarra  R.  2\  miles  SW.  of  Yarra  Glen.  The 
river  has  eroded  the  gorge  in  the  Brushy  Creek  Escarpment  and  this  apparent 
antecedent  nature  of  the  Yarra  at  this  point  was  cited  by  Jutson  (1911a)  as 
evidence  for  slow  faulting  as  the  explanation  for  the  Brushy  Creek  Escarpment. 

The  sediments  at  the  Yering  gorge  have  been  complexly  folded  and  distorted 
as  a  crush  zone  and  strong  folding  has  produced  rapidly  changing  plunge  directions. 
The  crush  zone  is  formed  in  sediments  of  the  Christmas  Hills  Quartzite  and 
includes  some  of  the  lowest  beds  of  the  overlying  Ruddocks  siltstone  of  the  Yering 
Group,  which  are  of  a  much  softer  lithology.  This  difference  of  lithology  and 
resistance  of  the  beds  has  led  to  differential  erosion  in  the  Yering  Gorge. 

Farther  S.,  at  its  junction  with  the  Brushy  Ck,  the  Yarra  R.  enters  another 
gorge  at  Yarra  Park.  Hills  (1934)  postulated  that  the  Yarra  adopted  a  westerly 
course  from  Wonga  Park  to  Warrandyte  when  its  original  southerly  course  through 
Lilydale  was  blocked  by  Cainozoic  ejectementa  of  the  Older  Basalt  series  at 
Lilydale.  The  resulting  flooding  of  the  Yarra  Glen  river  flats  would  cause  the 
Yarra  to  seek  a  new  higher-level  course.  This  new  outlet  appears  to  have  been 
produced  at  Yarra  Park,  where  the  only  break  occurring  in  the  E.-dipping  Christmas 
Hills  Quartzite  is  due  to  the  N.  plunging  of  the  quartzites  meeting  a  S.  plunge  and 
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preserving  an  inlier  of  the  softer  sediments  of  the  base  of  the  Yering  Group.  The 
present  analysis  of  the  structure  suports  the  conclusions  of  Hills  (1934)  that  the 
Brushy  Creek  Escarpment  results  from  differential  erosion  and  not  faulting,  and 
that  the  present  course  of  the  Yarra  through  the  Wonga  Park  gorge  represented  the 
most  favourable  outlet  for  drainage  of  the  inundated  tract  of  the  Yarra  following 
the  blockage  of  that  stream  by  volcanic  ejectementa  at  Lilydale. 

Folding 

In  general,  the  folding  throughout  the  area  is  simple  with  broad  open  folds 
which  typify  the  bedrock  structure  of  the  Melbourne  area  farther  to  the  W.  This 
structure  is  in  marked  contrast  to  the  close  and  complex  folding  of  the  Upper  Yarra 
and  Walhalla  regions  and  may  indicate  a  difference  in  mechanism  between  the  two 
regions. 

Stratigraphy 

In  the  present  work  the  rock  units  of  the  area  will  be  defined  in  detail  and 
the  thicknesses  and  lithologies  given.  Ultimately  it  is  hoped,  when  the  complete 
results  of  the  present  mapping  by  the  author  are  published,  a  complete  correlation 
table  can  be  given  for  Central  Victoria.  With  this  in  view,  the  number  of  new 
names  introduced  in  this  work  has  been  kept  to  a  minimum,  since  it  is  certain  that 
many  of  the  rock  units,  accurately  defined  here  for  the  first  time,  will  ultimately 
be  extensions  of  some  of  those  already  in  the  literature. 

The  following  are  the  detailed  descriptions  of  the  rock  units  from  oldest  to 
youngest. 

Unnamed  Formation  (pre-Christmas  Hills  Formation) 

The  sediments  of  this  formation  are  the  oldest  outcropping  in  the  present  area 
of  the  Middle  Yarra  Basin,  and  underlie  the  Christmas  Hills  Formation. 

Unit  1 

This  unit  is  not  seen  in  outcrop  at  the  surface  but  is  known  to  exist  on  evidence 
obtained  from  the  workings  of  the  Diamond  Creek  mine.  In  the  lower  levels,  the 
formation  of  black  pyritic  slates  of  this  unit  was  encountered.  The  fossils  recorded 
indicate  the  sediments  to  be  the  oldest  in  the  present  area  namely,  Climacograptus 
sp.  and  Diplograptus  sp. 

Samples  of  this  sediment  have  been  obtained  from  the  dumps  of  the  Diamond 
Creek  Mine  and  include  dark  coloured  siltstones  and  black  pyritic  carbonaceous 
slates  which  are  not  represented  elsewhere  in  the  area.  It  is  expected  that  the 
repeats  of  this  unit  will  be  found  when  detailed  mapping  of  lithological  units  is 
achieved  close  to  the  Ordovician-Silurian  contacts  at  Bulla  and  Sydenham  W.  of 
Melbourne. 

Unit  2 

The  Warrandyte  Conglomerate 

This  unit  includes  the  Warrandyte  Conglomerate  and  the  associated  grits.  These 
sediments  occur  in  several  bands  over  a  thickness  of  100  ft  in  the  section,  and 
consist  of  individual  layers  from  a  few  inches  to  about  15  ft  in  thickness.  The 
rocks  vary  from  fine  grits  to  conglomerate  with  pebbles  up  to  4  in.  in  diameter. 
The  sediments  were  originally  calcareous  but  much  of  the  material  has  been  leached 
out.  The  pebbles  in  the  conglomerates  are  well  rounded  and  waterworn,  whereas 
the  grit  particles  are  angular.  The  pebbles  consist  of  quartz,  quartzite,  sandstone, 
and  chert.  Outcrops  are  seen  in  Whipstick  Gully  and  Andersons  Ck  S.  of  Warran- 
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dyte  township.  Fragmentary  fossils  were  found  by  Gill  (1940)  in  a  calcareous  grit 
of  this  unit  in  the  South  Warrandyte  quarry. 

A  band  of  similar  calcareous  grit  with  rounded  quartz  and  quartzite  pebbles 
was  found  N.  of  Warrandyte  on  Henley  Rd,  and  may  represent  a  northerly 
extension  of  this  Unit  2,  but  could  not  be  traced  in  the  intervening  country. 

Graptolites  have  been  recorded  from  William’s  Quarry  at  Warrandyte  and  were 
identified  by  Thomas  as  M.  priodon.  These  closely  overlie  the  uppermost  bed  of 
the  Warrandyte  Conglomerate. 
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This  is  a  widespread  series  of  massive  siltstones  generally  occurring  at  the 
axes  of  the  main  anticlinal  structures.  In  the  Warrandyte  region  they  are  a 
distinctive  pink  to  purple  colour  in  the  weathered  state,  and  characteristically 
micaceous.  A  very  similar  lithology  is  represented  in  the  series  at  its  outcrop  at 
the  centre  of  the  Macclesfield  Dome  where  the  purple  colour  of  the  sediment  is 
distinctive. 

In  addition  to  the  prominent  colour  and  the  micaceous  nature  of  the  sediment, 
this  unit  can  be  distinguished  by  the  massive  nature  of  the  bedding  with  thicknesses 
up  to  20  ft,  and  seldom  less  than  2  ft.  It  is  difficult  to  tell  the  direction  of  bedding 
and  usually  two  or  three  prominent  sets  of  joint  planes  are  present  with  limonite 
deposits  on  their  surfaces.  At  some  localities  the  massive  siltstones  have  occasional 
interbedded  sandstones  3-12  in.  thick. 

In  the  Warrandyte  area,  this  Unit  3  is  defined  as  including  all  the  sediments 
overlying  the  Warrandyte  Conglomerate,  Unit  2  of  this  formation,  upwards  to  the 
base  of  the  alternating  current-bedded  siltstones  of  Unit  1  of  the  Christmas  Hills 
Formation.  This  Unit  3  is  3,600  ft  thick  in  the  Warrandyte  area  where  the  complete 
unit  is  exposed  on  both  the  E.  and  W.  limbs  of  the  Warrandyte  anticlinal  structure. 

In  the  Macclesfield  Dome  the  base  of  the  unit  is  not  seen,  but  all  the  sediments 
from  the  centre  of  the  dome  outwards  to  the  N.,  E.  and  W.  are  Unit  3,  until  the 
overlying  alternating  current-bedded  siltstones  of  Unit  1  of  the  Christmas  Hills 
Formation  are  encountered.  Similarly,  the  base  of  the  unit  is  not  seen  in  the 
Diamond  Ck  area  but  the  sediments  outcrop  at  the  centre  of  the  Diamond  Creek 
Anticline. 

The  uppermost  beds  of  this  Unit  3  contain  Monograptus  colonus  at  Wonga 
Park  and  are  closely  overlain  by  the  basal  beds  of  the  Christmas  Hills  Formation 
containing  Monograptus  scanicus . 

Christmas  Hills  Formation 

This  formation  is  here  extended  to  include  all  the  sediments  overlying  the  top 
Unit  3  of  the  Unnamed  Formation,  upwards  in  the  section  between  Warrandyte 
and  Lilydale,  to  the  Christmas  Hills  Quartzite  of  Hills  (1934).  Hence,  the  original 
hard  quartzitic  sediments  on  the  Brushy  Ck  and  Yarra  Glen  escarpments  have 
been  retained  as  the  top  unit  of  the  present  Christmas  Hills  Formation  and  have 
been  shown  to  be  indurated  layers  of  the  underlying  Unit  1  together  with  some 
coarser  sandstones.  The  total  thickness  of  the  formation  is  5,300  ft. 

Unit  1 

This  consists  of  4,300  ft  of  rapidly  alternating  siltstones  with  some  sandstones 
and,  generally,  with  prominent  current  ripple  laminations  in  the  siltstones.  Bedding 
thickness  varies  from  1-2  in.  up  to  2  ft  and  contrasts  markedly  with  the  massive 
bedding  of  the  underlying  Unit  3  of  the  Unnamed  Formation.  Jointing  is  generally 
absent  or,  if  present,  is  only  of  a  minor  nature.  The  sedimentation  of  this  unit  is 
very  distinctive  and  it  has  been  mapped  over  a  wide  area  in  the  present  survey. 
The  small  scale  cross-bedding  and  current  ripple  laminations  closely  resemble  those 
of  the  Upper  Yarra  Formation,  Moore  (1965),  and  portions  of  the  Yan  Yean 
Formation,  Williams  (1964). 

Unit  2 

This  unit  is  approximately  1,000  ft  thick  overlying  Unit  1.  It  consists  of 
quartzites,  some  quartzitic  sandstones  and  indurated  siltstones  showing  current 
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ripple  laminations.  There  appear  to  be  facies  changes  within  the  unit  with  the 
introduction  of  material  coarser  than  the  siltstone  range,  but  in  the  grade  of 
sandstones.  The  entire  unit  has  been  subjected  to  strong  induration  by  secondary 
silica,  which  does  not  appear  to  be  due  to  surface  silicification  and  may  have  had 
the  same  origin  as  the  mineralization  of  the  other  portions  of  the  Warrandyte  Dome. 
Further  investigation  will  be  necessary  to  reach  a  satisfactory  conclusion. 

The  sediments  of  this  Unit  2  are  much  more  resistant  to  erosion  than  those  of 
the  overlying  Yering  Group,  and  have  been  differentially  eroded  to  produce  the 
prominent  Brushy  Ck  and  Yarra  Glen  escarpments. 

Yering  Group 

This  major  group  of  highly  fossiliferous  sediments  in  the  Lilydale  and  Yering 
areas  has  become  well  known  due  to  the  work  of  Mr  E.  D.  Gill  over  the  past 
20  years.  The  faunas  of  these  rocks  are  a  welcome  contrast  to  the  unfossiliferous 
nature  of  the  sediments  of  the  underlying  Unnamed  Formation  and,  when  com¬ 
pletely  described,  may  constitute  a  Devonian  section  of  world  significance. 

The  sediments  of  the  Yering  Group  are  preserved  in  the  major  structure  of  the 
Lilydale  Basin  and  again  in  the  Killara  Basin  farther  to  the  E.  In  the  Lilydale 
Basin  the  thickness  of  sediments  preserved  is  between  7,500  and  8,000  ft  but 
cannot  be  measured  completely,  since  the  exact  position  of  the  Lilydale  syncline 
is  obscured  by  the  unconformable  quartzite  and  conglomerate  at  Cave  Hill  and 
alluvium  and  the  Dandenongs  lavas  in  the  surrounding  areas.  Approximately  the 
same  thickness  of  sediment  is  preserved  in  the  Killara  Basin  farther  E.  of  Lilydale, 
and  the  rock  units  have  been  recently  formally  named  by  Gill  (1965  MS.). 


Unit  1 

Ruddocks  Siltstone 

This  unit  overlies  the  uppermost  unit  of  the  Christmas  Hills  Formation,  namely 
the  Christmas  Hills  Quartzite,  and  extends  upward  to  the  base  of  the  Lilydale 
Limestone  at  Cave  Hill.  The  unit  is  7,500  ft  in  thickness  with  massive  fine  grained 
siltstones  and  claystones  as  the  dominant  lithological  type,  together  with  occasional 
sandstone  bands.  The  unit  is  named  from  the  massive  poorly  bedded  sediment  in 
Ruddocks  Quarry  W.  of  Edwards  Rd,  Gill  (1940). 

The  entire  unit  has  fossiliferous  bands  but  those  in  the  upper  3,000  ft  are  rich 
in  brachiopods,  trilobites,  and  corals. 


Unit  2 

Lilydale  Limestone 

This  deposit  was  surveyed  in  detail  by  the  Mines  Department  and  a  report 
published,  Crohn  (1953) /The  limestone  forms  a  lenticular  mass  striking  16° 
magnetic  and  dipping  E.  at  an  average  angle  of  60°.  It  has  been  exposed  by 
quarrying  operations  on  the  David  Mitchell  Estate  over  an  area  of  600  ft  by 
1,000  ft  and  has  been  proved  by  boring  to  extend  along  the  strike  for  at  least 

4*000  ft.  ,  J  i  ^  .u 

The  deposit  is  consistently  bedded  and  appears  to  be  a  detrital  deposit  rather 

than  a  true  reef  formation.  The  limestone  is  richly  fossiliferous  with  brachiopods, 
corals,  and  crinoids  preserved  in  a  matrix  of  calcite  grains  and  small  fossil 

^Prominent  jointing  is  a  feature  of  the  exposures  in  the  Cave  Hill  Quarry  and 
at  some  places  the  deposit  shows  evidence  of  shearing. 
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Cave  Hill  Conglomerate 
This  unit  includes  clays,  sands,  grits,  sandy  conglomerates,  and  quartzites  with 
an  estimated  total  thickness  of  the  order  of  100-200  ft.  They  show  an  angular 
unconformity  with  the  underlying  Lilydale  Limestone.  The  conglomerate  shows  a 
strike  of  360°  magnetic  compared  with  20°  E.  magnetic  for  the  limestone,  and  a 
dip  of  40°  E.  against  60°  E.  for  the  limestone  of  Unit  2. 

Palaeontology 

No  direct  palaeontological  determinations  were  made  by  the  author  in  the 
course  of  the  present  structural  survey.  Where  new  fossil  material  was  discovered, 
the  locality  was  recorded  and  the  material  was  handed  to  the  palaeontological 
workers  already  studying  the  area.  In  this  respect,  sincere  thanks  are  due  to 
Dr  D.  E.  Thomas  and  Mr  P.  R.  Kenley  of  the  Mines  Department,  and  to  Mr 
E.  D.  Gill  of  the  National  Museum,  for  generously  making  available  the  unpublished 
results  of  their  studies  over  many  years.  The  age  determinations  of  the  fossils,  given 
by  the  above  authors,  were  used  as  a  measure  of  control  on  the  structural  mapping 
and  the  localities  have  been  recorded  on  the  map.  It  is  hoped  that  the  specific 
details  of  the  fossils  will  be  published  by  the  above  authors  at  a  later  date. 


Localities 

Map  No. 

Location 

Age 

E.  D.  Gill 

F  1 

Melbourne  Hill  Lilydale  overlooking  Cave  Hill 

Upper  Yeringian 

F  2 

Cave  Hill  Quarry  Lilydale 

Upper  Yeringian 

F  3 

Chirnside  Estate  Lilydale 

Lower  Yeringian 

F  4 

Hull  Rd  Mooroolbark 

Upper  Yeringian 

F  5 

Ruddocks  Quarry  Lilydale 
‘Devon  Park’  N.  of  Ruddocks 

Lower  Yeringian 

F  6 

Lower  Yeringian 

F  7 

Yarra  R.  on  ‘Devon  Park’ 

Lower  Yeringian 

F  8 

Yering  Gorge 

Lower  Yeringian 

F  9 

Yarra  Rd  Wonga  Park 
‘Flowerfield’  Quarry  Coldstream 

?  ? 

F  10 

Upper  Yeringian 

F  11 

Coldstream  Railway  cutting  ( Styliolina ) 

Lower  Yeringian  ? 

F  12 

Ipswich  Rd  Croydon 

Lower  Yeringian 

F  13 

Ipswich  Rd  Croydon 

Lower  Yeringian 

F  14 

Cnr  Stud  and  Wellington  Rds  Rowville 

Lower  Yeringian 

F  15 

Kilsyth  P.O. 

Upper  Yeringian 

F  16 

Symes  property  Killara 

Upper  Yeringian 

F  17 

Seville  ‘limestone’ 

Lower  Yeringian 

F  18 

Yellingbo  State  School 

Lower  Yeringian 

F  19 

Aqueduct  at  Dixons  Ck 

Lower  Yeringian 

F  20 

Yarra  Glen  station  yard 

Lower  Yeringian 

F  21 

Christmas  Hills  State  School 

Lower  Yeringian 

D.  E.  Thomas 

and  P.  R.  Kenley 

F  22 

Williams  Quarry  Warrandyte 

Keilorian 

F  23 

Macclesfield 

Keilorian 

F  24 

Macclesfield 

Keilorian 

F  25 

Macclesfield 

Keilorian 

F  26 

Yarra  R.  Wonga  Park  ( Monograptus  colonus) 

Melbournian 

F  27 

Yarra  R.  Wonga  Park  ( Monograptus  scanicus) 

Melbournian 

F  28 

Yarra  R.  Wonga  Park  ( Monograptus  sp.) 

Melbournian 

F  29 

Henley  Rd  Kangaroo  Ground 

Melbournian 

F  30 

Cottles  Bridge 

Upper  Silurian 
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Conclusions 

1.  The  effects  of  fold  plunges  have  been  demonstrated  and  the  positions  of 
the  major  domes  and  basins  determined. 

2.  The  fold  structures  are  more  open  and  less  complex  in  the  present  area 
than  in  the  Upper  Yarra  area  to  the  E.,  and  the  possibility  of  a  difference  in 
mechanism  between  the  two  areas  is  indicated. 

3.  The  Brushy  Creek-Yarra  Glen  Escarpment  can,  on  structural  evidence,  be 
explained  in  terms  of  differential  erosion  of  the  sediments  without  a  postulate  of 
faulting. 
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REGENERATION  PATTERN  OF  POA  FOLIOSA  HOOK  F.  ON 

MACQUARIE  ISLAND 

By  D.  H.  Ashton 

Botany  Department,  University  of  Melbourne 

Abstract 

Poa  foliosa  is  a  tussock-forming  perennial  which  develops  a  high  pedestal  or  stool  of 
fibrous  peat  under  its  crown.  Its  rhizomes  grow  sympodially  by  means  of  long  and  short 
shoots.  The  tussock  may  consist  of  more  than  one  genotype,  since  it  may  initially  develop  from 
the  random  juxtaposition  of  several  different  rhizomes.  Once  a  high  pedestal  of  peat  is  formed 
the  rhizome  system  is  confined  to  it.  The  pattern  of  regeneration  of  Poa  foliosa  suggests  Cyclic 
Development  throughout  Pioneer,  Building,  Mature,  Degenerate  phases,  and  a  Gap  stage 
which  involves  small  herbs,  grasses,  and  bryophytes,  or  the  large  herbaceous  Stilbocarpa. 
Regeneration  of  Poa  foliosa  is  almost  exclusively  by  means  of  rhizomes.  The  growth  rate  of 
Poa  foliosa  is  high  in  spite  of  the  uniformly  cool  climate,  and  as  much  as  one-third  of  the 
weight  of  the  tops  is  replaced  in  the  first  year  following  defoliation. 

Introduction 

The  Australian  National  Antarctic  Research  Expedition  (ANARE)  has  main¬ 
tained  a  scientific  station  at  Macquarie  Is.  since  1948.  Taylor  (1955)  has  fully 
described  the  major  plant  associations  occurring  in  the  five  vegetation  formations 
of  Grassland,  Herbfield,  Feldmark,  Fen,  and  Bog,  and  has  assessed  their  controlling 
environmental  factors.  In  December  of  1962,  1963,  and  1964,  the  author  visited 
Macquarie  Is.  with  the  ANARE  for  6-7  days  to  make  further  investigations  of  the 
grassland. 

The  object  of  the  present  short-term  study  has  been  to  investigate  the  way  in 
which  the  grassland  perpetuates  itself  and  maintains  a  luxurious  cover  in  an 
environment  which  causes  winter  dormancy  in  most  temperate  plants. 

General  Environment 

Macquarie  Is.  lies  at  54°S.  and  159°E.,  isolated  midway  between  Tasmania, 
New  Zealand,  and  the  Antarctic  continent.  It  is  a  narrow  plateau  21  miles  long 
and  2-3  miles  wide,  with  slopes  of  20-40°  which  rise  to  altitudes  of  900-1,423  ft. 
Its  long  axis  runs  almost  N.-S.,  astride  the  full  force  of  the  westerly  storms.  The  N. 
third  of  the  island  consists  of  a  pre-Tertiary  series  of  basalts  and  intrusive  gabbros 
and  peridotites,  and  the  remaining  two-thirds  consists  of  a  mid-Tertiary  series  of 
submarine  basalts  (Law  &  Burstall  1956).  The  island  is  the  remains  of  a  block 
fault  elevated  from  considerable  depths.  The  extensive  glaciation  in  the  Pleistocene 
period  has  resulted  in  a  smoothed  topography  with  a  mantle  of  glacial  till,  cirques, 
and  many  lakes  and  tarns.  A  wide  shore  platform  occurs  above  sea  level  around 
much  of  the  island  but  is  interrupted  by  screes,  sand,  and  shingle  beaches  and  by 
blown  grey  sand  on  the  W.  side. 

The  majority  of  soils  below  800-900  ft  are  known  as  Highmoor  Peats  (Taylor 
1955)  and  support  Tussock  grassland  and  some  Herbfields.  Commonly  1-3  ft  of 
peat  is  developed  over  old  screes  or  rocky  yellow  to  brown  clays.  Phosphorus 
analyses  given  by  Taylor  indicate  that  the  fertility  of  the  peat  is  likely  to  be 
considerably  lower  than  the  subsoils,  the  lower  layers  of  peat  being  particularly 
poor.  The  pH  varies  from  4-2-4  5  in  the  peat  to  6  0  in  the  subsoil.  Some  Herbfield 
soils  on  E.  slopes  at  600-700  ft  have  6-12  in.  of  brown  friable  loam  grading  into 
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2-3  ft  of  yellow  clay  to  clay  loam  and,  in  this  respect,  are  similar  to  the  Alpine 
Humus  soils  of  SE.  Australia.  The  clay  subsoils  in  many  soils  are  mottled  red  and 
light  grey,  indicating  conditions  of  severe  waterlogging.  In  areas  of  low  relief  such 
as  shore  platforms  and  shallow  valleys,  drainage  is  impeded,  and  fibrous  or 
amorphous  peat  may  accumulate  to  depths  of  up  to  14-16  ft,  and  have  a  water- 
table  within  12  in.  of  the  surface  (Fen  and  Bog  peats,  Taylor  1955).  On  the  wind- 
exposed  slopes  of  the  plateau  above  700-800  ft,  terracing  occurs  in  association  with 
feldmark  vegetation.  The  gravelly  loams  in  these  localities  are  frequently  strongly 
patterned  by  frost  sorting  (Tilley  1964).  A  high  water-table  occurs  in  these  soils 
in  the  vicinity  of  lakes  and  tarns. 

The  climate  of  Macquarie  Is.  is  almost  uniformly  cloudy,  windy,  wet,  and  cold. 
Precipitation  occurs  on  about  330  days  per  year,  culminating  in  only  40  in.  per 
year  at  sea  level.  Snow  may  fall  in  any  month  but  is  light  and  does  not  persist 
long  even  in  winter.  Sunshine  averages  2-2  hours  per  day  (3  hours  per  day  in 
summer,  i  hour  per  day  in  winter),  18%  of  that  possible  at  54°S.  latitude  (Law 
&  Burstall  1956).  The  median  wind  speed  is  20  knots,  there  are  few  calms  and 
occasionally  gales  of  over  80  knots  are  experienced.  Two-thirds  of  all  winds  blow 
NNW.  to  WSW.  The  relative  humidity  is  always  high,  averaging  88%,  and  salt 
spray  blowing  or  drifting  onshore  as  a  light  mist  is  an  important  feature  of  the 
environment.  The  mean  monthly  air  temperatures  at  the  ANARE  station  show  a 
remarkably  small  variation  from  37  1°F  in  June  to  43  8°F  in  January,  although 
the  temperature  extremes  range  from  17°F  grass  temperature  to  53  °F  air  tempera¬ 
ture.  The  mean  diurnal  range  is  only  slightly  less  than  the  mean  seasonal  range. 

Vegetation  and  Location  of  Sites  of  Study 

Macquarie  Is.  is  devoid  of  trees  and  shrubs  and,  at  lower  altitudes  (less  than 
600  ft  elevation),  a  dense  tussock  grassland  of  Poa  joliosa  clothes  the  slopes  and 
flats  in  all  sites  where  the  water  table  is  more  than  one  foot  from  the  surface 
(Fig.  1).  It  is  not  continuous  but  is  scarred  by  old  and  young  screes  and  landslips 
in  various  stages  of  plant  succession  (PI.  27,  fig.  1,  2).  These  grasslands  have  an 
exact  counterpart  on  other  southern  oceanic  islands  and  have  been  termed  Mari¬ 
time  Tussock  formation  by  Warming  ( 1909),  Maritime  Tussock  Moor  by  Cockayne 
(1928),  and  Maritime  Tussock  grassland  by  Wace  (1960). 

The  grassland  is  composed  of  massive  tussocks  up  to  4-5  ft  high  and  2-5  ft 
in  diameter,  with  the  crowns  interlacing  or  spaced  up  to  one  or  rarely  two 
diameters  apart  (PI.  27,  fig.  3).  The  growth  is  so  dense  and  rank  that  associated 
species  are  confined  to  the  gaps  between  the  tussocks.  Stilbocarpa  polaris  is  the 
commonest  associate  occupying  the  same  structural  stratum  as  Poa  foliosa  and, 
in  sites  with  W.  exposures  or  in  the  early  stages  of  landslip  or  rock  scree  succession’ 
it  may  co-dominate.  On  sheltered  E.  aspects  the  large  tufted  fern  Polystichum 
vest i turn  may  become  locally  common. 

From  600-900  ft  in  sheltered  sites  and,  on  areas  with  high  water-tables,  the 
tussock  grassland  gives  way  to  the  floristically  richer  herbfields.  These  are  char¬ 
acterized  by  the  large  rosette  composite  Pleurophyllum  hookeri  which  is  associated 
with  Stilbocarpa  and  the  stoloniferous  grasses  Festuca  erecta  and  Agrostis 
magellanica.  Numerous  other  herbs,  sedges,  and  bryophytes  are  present  and,  at 
higher  elevations,  cushions  of  Azorella  selago  herald  the  change  to  the  Feldmark 
communities.  On  the  steep  slopes,  areas  of  grassland  and  the  accumulation  of  peat 
may  slump  and  shear  off,  exposing  mineral  soil  and  rock  scree.  Here,  in  the 
absence  of  Poa  foliosa,  most  members  of  the  herbfields  become  established  during 
the  process  of  succession  (Taylor  1955).  Ultimately,  however,  Poa  foliosa  re- 
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Fig  1 _ Map  of  Macquarie  Is.  showing  distribution  of  major  vegetation  formations, 

from  Taylor  (1955). 
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establishes  its  cover  and  dominance  and  the  herbfield  species  are  eliminated  or 
reduced  to  insignificant  proportions. 

Penguin  rookeries  and  elephant  seal  wallows  have  disturbed  the  grassland  areas 
in  the  coastal  fringe  (Gillham  1961)  and  rabbits  have  spread  widely  over  the  S. 
three-quarters  of  the  island,  causing  considerable  damage  (Costin  &  Moore  1960). 
Sheep  also  caused  damage  on  Wireless  Hill  during  the  last  decade,  but  these  have 
now  been  destroyed. 

The  three  sites  chosen  for  study  are  out  of  the  range  of  disturbance  by  biotic 
factors  and  are  situated  within  half  a  mile  of  the  ANARE  station  at  the  N.  end 
of  the  island. 

Site  1 :  This  is  at  the  SE.  corner  of  Hasselborough  Bay  on  an  old  scree  delta 
50  ft  above  sea  level,  with  a  slope  of  10-15°  to  the  N.  This  community  corresponds 
to  the  Poa  foliosa-Stilbocarpa  polaris  association  of  Taylor.  The  Stilbocarpa  makes 
up  10-15%  of  the  total  cover. 

Site  2:  This  is  on  the  N.  side  of  Buckles  Bay  at  the  base  of  Wireless  Hill, 
20  ft  above  sea  level  on  the  clay-rock  rubble  of  a  very  old  peat  landslip.  It  has  a 
slope  of  25-30°  to  the  S.  and  is  protected  by  a  small  hill  (Camp  Hill)  adjacent  to 
the  ANARE  station.  This  corresponds  to  the  Poa  foliosa-Cardamine  corymbosa 
association  of  Taylor. 

Site  3:  This  is  on  a  westerly  slope  of  5-6°  on  a  flattened  shoulder  of  Wireless 
Hill  250  ft  above  Hasselborough  Bay.  This  association  is  similar  to,  but  less 
luxuriant  than  Site  2,  and  presents  clear  evidence  of  succession  from  an  old  peat 
slip  to  tussock  grassland. 

Growth  Habit  of  Poa  foliosa 

The  trunk  or  pedestal  of  fibrous  peat  supporting  the  large  litter-girded  crown 
was  the  outstanding  characteristic  of  this  grass  noted  by  the  early  plant  geographers. 

The  fibrous  peat  of  the  pedestal  consists  of  an  extremely  dense  mass  of  living 
and  dead  roots,  a  network  of  living  and  dead  rhizomes,  and  the  dead  remains  of 
the  enveloped  leaf  bases  and  culms.  There  is  a  reasonably  distinct  boundary 
between  the  pedestal  and  the  dark  amorphous  peat  of  the  top  1-3  ft  of  the  soil. 

On  flat  or  gently  sloping  ground  the  pedestals  may  be  6-22  in.  high.  On  steep 
slopes,  however,  the  tussocks  are  unstable  and  become  prostrate  on  the  ground 
or  on  other  tussocks  below.  Although  the  tussocks  have  powers  of  regeneration 
for  a  considerable  length  of  time,  they  may  nevertheless  die  out,  leaving  the 
pedestal  mounds  in  various  stages  of  humification  (Fig.  2,  3). 

Poa  foliosa  develops  and  spreads  almost  entirely  by  its  complex  rhizome  system. 
Proven  seedlings  are  distinctly  rare  and  most  small  plants  excised  from  the  peat 
show  evidence  of  an  original  rhizomic  connection.  The  rhizome  is  essentially 
sympodial,  consisting  of  long  and  short  shoots.  The  long  shoot  is  ultimately 
terminated  by  a  short  shoot  but,  more  commonly,  the  latter  develops  from  an 
axillary  bud  of  either  shoot  type.  The  short  shoot  may  be  sessile  or  connected  to 
the  parent  rhizome  by  one  or  two  internodes.  The  distinction  between  the  two 
shoot  types  is  therefore  somewhat  arbitrary. 

The  long  shoots  extend  for  2-8  in.  and  have  hollow  intemodes  i-2  in.  long. 
They  bear  scale  leaves  and  roots  at  the  nodes  but,  in  vigorously  advancing  margins, 
rudimentary  or  normal  leaves  may  develop.  The  vegetative  short  shoots  may  be 
i-2  in.  long  and  bear  5-30  congested  nodes.  In  December,  the  first-formed  bracts 
and  rudimentary  leaves  at  the  base  of  the  shoot  are  dead.  Three  to  four  tough 
V-shaped  mature  leaves  are  developed  which  have  laminas  24-30  in.  long  and 
pallid  sheaths  4-9  in.  long.  Three  immature  folded  leaves  enclose  the  apical  bud. 
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GRASSLAND  PROFILE  SITE  I 


POA  FOLIOSA 


2  4  6  8  10  12  14  16 

FEET 


Fig.  2 — Profile  of  Poa  foliosa-Stilbocarpa  polar  is  tussock  grassland  at  site  1,  showing 
phases  of  Poa  foliosa,  old  peat  mounds,  and  the  invasion  of  Stilbocarpa  by 

Poa  foliosa. 


GRASSLAND  PLAN  SITE  I 


callitriche 


POA  ANNUA 


STILBOCARPA 

(rhizome)  |  rhynchostegium 


PHASES  OF  POA  FOLIOSA  —  BASAL  AREA  ,  CROWN  PROJECTION 


Fig.  3 — Plan  of  grassland  tussocks  and  Stilbocarpa  patches,  showing  satellite  crowns 
of  Poa  foliosa  around  older  tussocks  and  the  invasion  of  Stilbocarpa  by  pioneer 

Poa  foliosa. 
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Where  monopodial  growth  occurs,  successive  short  shoots  are  separated  by  single 
long  internodes.  It  is  possible  that  a  long  internode  is  produced  at  the  commence¬ 
ment  of  growth  in  spring,  and  that  one  short  shoot  is  produced  each  year  (Fig.  4). 
The  apical  bud  is  buried  by  dead  sheath  litter  and  roots  to  a  depth  of  i-2  in. 
Roots  are  profusely  developed,  chiefly  from  the  lower  nodes  of  the  short  shoots. 

In  the  flowering  condition,  four  green  leaves  occur  below  the  inflorescence  and 
the  internodes  are  greatly  elongated.  The  die-back  which  takes  place  after  flowering 
may  extend  to  include  the  whole  short  shoot.  Dead  shoots  with  no  evidence  of 
flowering  culms  also  occur  within  the  pedestal.  These  are  presumably  vegetative, 
although  it  is  possible  that  a  flowering  condition  may  have  been  induced  in  them 
but  not  expressed  (Dr  M.  B.  Gott  pers.  comm.).  In  some  cases  a  short  shoot  may 
remain  alive  as  a  dormant  unit  after  having  been  separated  by  decay  from  the 
parent  rhizome.  The  stimulation,  dormancy,  and  death  of  the  axillary  buds  are 
important  features  which  affect  the  habit  and  longevity  of  the  grass.  The  small 
proportion  of  axillary  buds  which  ultimately  develop  in  Poa  foliosa  do  so  when 
the  subtending  leaf  or  bract  is  dead.  Branches  thus  tend  to  occur  in  the  lower  half 
of  the  short  shoot,  or  in  the  older  parts  of  the  long  shoots.  After  the  cessation  of 
growth  of  the  long  shoot,  a  complex  cluster  of  short  shoots  may  develop.  A  similar 
paucity  of  bud  expression  has  been  described  for  Poa  pratensis  by  Etter  (1951) 
who  related  tiller  production  to  environmental  factors  and  the  morphology  of  the 
sward.  Aspinall  (1964)  and  Langer  (1963)  also  point  out  the  complexity  of 
factors  controlling  tiller  production.  The  centre  of  Poa  foliosa  tussocks  appears  to 
be  less  favourable  for  vegetative  growth  and  flowering  than  the  periphery.  This 
effect  was  noted  in  Bromus  inermis  by  Lamp  (1952),  who  ascribed  this  difference 
to  greater  mutual  shading;  however,  it  could  also  be  due  to  greater  competition  for 
nutrients  or  the  presence  of  inhibitory  substances. 

In  the  young  tussock,  long  shoots  are  relatively  common  and  often  grow  down¬ 
wards  and  outwards  to  a  depth  of  6-8  in.  and  emerge  near  the  base  of  the  pedestal 
(Fig.  5).  There  is  a  tendency  for  short  shoots  to  be  concentrated  in  the  upper 
2-4  in.  Dead  rhizomes  are  not  common.  In  general  the  crown  is  fairly  open  and 
the  litter  sparse. 

In  older,  but  still  upright  tussocks,  the  long  shoots  are  orientated  vertically  and 
have  horizontal  branches  which  tend  to  descent  towards  the  periphery  of  the 
pedestal.  Remains  of  short  shoots  are  found  at  the  base  of  the  pedestal,  but  living 
shoots  occur  only  in  the  uppermost  4-5  in.  Litter  is  3-5  in.  thick  and  dead  rhizomes 
are  common. 

In  large  leaning  tussocks,  old  dead  rhizomes  indicate  the  original  orientation 
of  the  pedestal,  and  the  younger  vertical  rhizomes  show  the  response  to  the  new 
orientation.  Living  rhizomes  extend  downwards  for  4-8  in.,  the  greater  depth  being 
on  the  warmer  and  better  illuminated  upper  side  (Fig.  6). 

Cyclic  Development 

At  first  sight,  the  grassland  presents  an  apparently  uniform  pattern  of  tussocks 
but,  on  closer  inspection,  considerable  variation  in  size,  vigour,  and  spacing  can 
be  found.  The  unit  of  pattern,  based  on  crown  vigour,  can  be  classified  into  four 
broad  categories  which  are  similar  to  the  phases  recognized  by  Watt  (1947)  for 
the  regeneration  of  community  dominants. 

Phases 

Pioneer  Phase:  The  plants  are  small  and  scattered  and  bear  few  tillers;  the 
rhizomes  which  bear  the  short  shoots  may  be  widely  branched,  and  may  or  may 
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Fig.  6 — Longitudinal  section  of  old  mature  tussock  that  had  been  leaning  downhill. 
This  shows  the  prior  orientation  of  early  rhizomes  now  dead  and  the  copious  present 
development  of  short  shoots  on  the  uphill  side  of  the  pedestal. 
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not  be  attached  to  the  parent  tussock  or  invasion  front.  This  phase  also  includes 
seedlings. 

Building  Phase:  The  plants  are  taller  and  tend  to  form  small  or  embryonic 
tussocks.  In  an  invasion  front  this  phase  is  spread  out  as  a  definite  band.  The 
amount  of  dead  leaf  litter  is  small  and  the  pedestal  is  absent  or  rudimentary.  This 
phase  may  occur  as  small  marginal  offshoots  from  Mature  or  Degenerate  tussocks. 

Mature  Phase:  The  plant  reaches  its  maximum  height  for  the  site  and  the 
pedestal  is  tall  and  well  developed.  On  slopes  the  whole  tussock  may  lean  down 
hill.  The  amount  of  dead  leaf  material  in  the  crown  is  greater  than  in  the  Building 
phase,  but  is  less  than  that  of  the  green  leaves.  This  phase  may  also  be  present  as 
a  marginal  crown  of  a  degenerate  tussock. 

Degenerate  Phase:  The  plant  shows  reduced  vigour  with  shorter  leaves  than 
in  the  mature  phase  and  with  a  greater  proportion  of  dead  to  living  leaves.  The 
pedestal  remains  large  and  conspicuous.  In  many  cases,  especially  on  gentle  slopes, 
the  Degenerate  phase  may  be  to  some  extent  masked  by  the  development  of 
Building  phase  satellites  which  have  merged  with  the  periphery.  If  these  do  not 
develop,  however,  the  whole  tussock  will  ultimately  die.  In  other  cases  a  half-grown 
tussock  may  degenerate,  thus  omitting  the  Mature  stage.  The  causes  of  death  are 
unknown. 

Gap  Phase  :  This  represents  the  space  between  the  Poa  crowns  and  may  contain 
prostrate  pedestals  of  living  tussocks  or  the  humifying  stumps  of  earlier  pedestals. 
These  sites  may  eventually  become  hollows  as  they  decay  and  the  tussocks  rise 
around  them.  In  this  respect,  the  growth  of  the  peat  is  analagous  to  that  of  the 
regeneration  complex  of  a  blanket  bog  (Godwin  &  Conway  1939).  The  Gap  phase 
is  considered  in  terms  of  the  dominant  plant,  i.e.  Poa  foliosa ,  and,  therefore,  may 
consist  of  bare  peat  or  contain  colonies  of  liverworts  and  mosses,  Poa  annua  sward, 
small  herbs  such  as  Epilobium  nerteroides,  Cardamine  corymbosa ,  and  Callitriche 
antarctica. 

The  age  of  various  phases  is  not  known  with  certainty,  but  some  deductions 
can  be  made  from  the  ANARE  station  activities  on  Camp  Hill  and  Wireless  Hill 
(Site  2)  since  1948.  A  plastic  water  pipe,  which  was  laid  across  the  slope  at  Site  2, 
had  been  overgrown  by  Late  Building  phase  tussocks  of  Poa  foliosa  by  1963’ 
indicating  that  this  phase  develops  on  this  site  in  less  than  5-6  years.  Similarly' 
radio-aerial  wires  blown  down  in  1952  were  overgrown  by  mature  tussocks  by 
1963.  This  means  that  6  in.  of  pedestal  peat  can  develop  in  less  than  1 1  years. 

If  one  short  shoot  is  produced  each  year  on  a  vertical  monopodial  rhizome, 
then  the  top  7  in.  of  peat  in  a  late  mature  pedestal  can  develop  in  9  years.  It  is 
possible  that  the  Mature  and  Degenerate  phases  persist  for  a  very  long  time,  since 
the  great  majority  of  tussocks  are  in  this  condition.  C14  analyses*  of  the  basal  peat 
of  mature  pedestals  18-22  in.  high,  indicate  an  average  age  of  50  (+50—30) 
years  B.P.  (1950). 

[*  Analyses  were  carried  out  by  T.  A.  Rafter,  Institute  of  Nuclear  Sciences,  D.S.I.R., 
New  Zealand,  specimens  R 142 1/2,  R 142 1/3,  N.Z.  sheet  grid  reference  numbers.] 

Pattern  and  Process  in  the  Poa  foliosa-Cardamine  corymbosa 

Association 

In  this  association  at  Sites  2  and  3,  the  pattern  of  the  tussocks  shows  a  fairly 
close  and  even  spacing  of  Mature  and  Degenerate  tussocks  with  smaller  vigorous 
tussocks  of  the  Building  stage  and  gaps  and  hollows  of  various  sizes  (PI.  27,  fig.  3). 
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In  small  gaps  the  whole  space  may  be  filled  with  litter  and  only  sparse  bryophytes 
of  extreme  shade  tolerance  are  present.  In  larger  gaps  patches  of  Callitriche 
antarctica,  Cardamine  corymbosa,  Acaetia  adscendens,  Agrostis  magellanica ,  and 
bryophytes  such  as  Metzgeria  furcata,  Pterygophyllum  dentatum ,  and  Ambly- 
stegium  serpens  occur.  On  the  southerly  slope  at  Site  2,  the  luxuriance  of  the 
tussocks  decreased  the  light  penetrating  to  the  floor  of  the  gaps,  and  the  associated 
species  were  very  sparse.  Gaps  of  3  ft,  1-H  ft,  and  i  ft  in  diameter  had  light 
intensities  on  the  floor  of  57%,  26%,  and  3-8%  respectively. 


ADVANCING  MARGIN 


BUILDING 


Fig.  7 — Profile  of  the  advancing  margin  of  Poa  foliosa  into  the  short  turf  of  Festuca 
erecta  and  Agrostis  magellanica.  Only  Poa  foliosa  is  shown. 


Regeneration  of  Poa  foliosa  takes  place  almost  exclusively  by  long  shoots 
developing  down  the  upper  side  of  prostrate  peat  pedestal  at  depths  of  1-2  in.  The 
steep  ‘cliff’  of  such  pedestals  is  overhung  with  a  dense  accumulation  of  litter. 
Although  some  shoots  do  curve  downward  and  break  through  the  thatch-like  fitter, 
most  do  not  take  root.  This  accumulation  is  thus  likely  to  remain  a  major  barrier 
to  the  forward  advance  of  the  rhizomes.  The  Pioneer  shoots  may  develop  into  the 
Building  phase  adjacent  to  the  old  crown,  or  may  extend  and  branch  at  wide 
angles  throughout  the  gap.  In  one  gap  studied,  five  such  widely  spaced  pioneer 
plants  were  finked  by  rhizomes  to  a  Late-Building  tussock.  In  another,  the  presence 
of  three  dead  tillered-rhizome  clusters  indicated  that  the  establishment  of  these 
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young  plants  is  not  always  assured.  Three  definite  seedlings  were  found  on  Site  2; 
one  occurred  on  the  floor  of  a  large  gap  3  ft  in  diameter  (Fig.  10),  and  the  other 
two  were  found  on  old  exposed  pedestal  mounds. 

BUILDING  PHASE  i  foot  from  margin 


Fig.  8 — -The  development  of  an  embryonic  tussock  by  convergence  of  various  rhizomes. 
Dead  areas  are  black,  arrows  indicate  the  direction  of  travel  of  the  rhizome,  and  the 
terminal  leafy  short  shoot  is  conventionalized. 


Around  the  periphery  of  stabilized  landslips  in  both  sites  on  Wireless  Hill,  the 
developmental  phases  are  displayed  in  parallel  bands  instead  of  being  confined  to 
the  normal  mosaic  pattern  (PI.  27,  fig.  2).  In  Site  3,  the  pioneer  zone  extends 
4-6  ft  from  the  margin  proper  and  shoots  4-6  in.  high  emerge  at  low  angles  from 
rhizomes  1-3  in.  deep  (Fig.  7).  Near  the  margin  the  advancing  shoots  are  often 
orientated  at  right  angles  to  the  front.  Well  away  from  the  margin  the  branching 
of  the  long  shoots  is  sparse  with  few  tillers,  and  death  of  long  and  short  shoots  is 
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Table  1 

Data  of  the  various  phases  of  Poa  foliosa 


Phase 

No.  of 
tussocks 
examined 

%  of 
crowns 

%  of 
area 

Av. 

height 

total 

tussock 

(in.) 

Av. 

height 

crown 

(in.) 

Av. 

height 

pedestal 

(in.) 

Pioneer 

10 

4 

0  1 

12 

12 

0 

Early  Building 

7 

12 

2-3 

23 

23 

0 

Late  Building 

17 

12 

11-2 

31 

25 

6 

Mature 

38 

56 

58-2 

39 

26 

13 

Early  Degenerate 

11 

8 

5-2 

37 

26 

11 

Late  Degenerate 

6 

8 

6-4 

30 

17 

12 

Gap 

— 

— • 

16-6 

■ — 

6* 

*  Very  variable  (0-10") 

Cover  estimates  and  a  qualitative  species  list  are  given  in  Tables  2  and  3  (increasing 
number  of  point  quadrats  from  50-75  lowered  the  %  cover  of  estimates  of  Poa  foliosa 
by  only  1-2%). 


Table  2 

%  Cover  and  Cover  Repetition  *  Site  3,  Wireless  Hill,  16  December  1963,  using 
75  Point  Quadrats  for  each  Determination 


Species 

Invasion  Front 

Hinterland 

Pioneer 

Building 

Tussock 

% 

Cover 

Cover 

Reptn 

% 

Cover 

Cover 

Reptn 

% 

Cover 

Cover 

Reptn 

% 

Cover 

using  descending  poin 

t 

using  i" 
dia.  pin 

Poa  foliosa 

13 

100 

64 

1-54 

71 

2-22 

76 

Festuca  erecta 

29 

2-46 

7 

1  -60 

— 

— 

— 

Agrostis  magellanica 

33 

1-40 

4 

100 

1 

1  00 

— 

Luzula  campestris 

var.  crinata 

27 

1-50 

1 

1  00 

— 

— 

— 

Montia  fontana 

23 

118 

1 

100 

— 

— 

— 

Acaena  anserifolia 

12 

1-22 

9 

1  00 

— 

■ — 

3 

Ranunculus  biternatus 

9 

100 

— 

— 

1 

100 

— 

Stilbocarpa  polaris 

4 

1  33 

— 

— 

— 

— 

1 

Pleurophyllum  hookeri 

3 

100 

— 

— 

— 

— 

— 

Epilobium  linnaeoides 

1 

1  00 

— 

— 

— 

— 

— 

Colobanthus 

crassifolius 

1 

1  00 

— 

— 

— 

— 

— 

Cardamine  corymbosa 

— 

— 

1 

100 

— 

— 

3 

Stellaria  decipiens 

— 

— 

— 

— 

— 

— 

1 

Callitriche  antarctica 

— 

— 

— 

■ 

1 — 

1 

Bryophytes 

24 

4 

3 

3 

Tussock  of  Poa  only 

— 

— 

3 

3 

Litter 

65 

96 

86 

88 

Bare  Peat 

3 

— 

8 

8 

Total  living  vegetation 

93 

73 

73 

80 

Total  soil  cover 

99 

100 

92 

91 

P 


*  Number  of  hits  per  pin. 
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common.  The  Building  zone  is  clearly  defined  as  a  rank,  uniform  lawn  9-15  in. 
high  and  4-12  ft  wide.  Here,  considerable  proliferation  of  short  shoots  has  occurred. 
Detailed  excavations  made  in  1962  reveal  that  some  aggregation  of  shoots  has 
taken  place,  even  though  the  rhizomes  are  unconnected  and  apparently  growing  in 
random  directions  (Fig.  8).  A  similar  morphological  basis  of  clumping  pattern  has 
been  described  for  Calamagrostis  neglecta  by  Kershaw  (1963)  and  for  Poa  australis 
var.  latifolia  by  the  author  (unpublished).  Therefore,  at  these  points  of  rhizome 
convergence  a  young  crown  of  Poa  foliosa  could  accumulate  an  embryonic  pedestal 
of  peat  due  to  the  greater  local  concentrations  of  litter,  fine  roots,  and  rhizomes. 
It  is  possible,  therefore,  for  such  crowns  to  consist  of  more  than  one  genotype.  The 
Mature  zone  is  marked  by  tall  dense  tussocks  and  extends  for  a  further  4-12  ft. 
Here,  the  tussock  habit  is  accentuated  because  the  rhizomes  are  limited  to  the 
top  4-5  in.  of  the  peat  and  are  confined  to  the  pedestal  when  this  height  is  exceeded. 

During  the  Building  and  Mature  phases  the  competition  exerted  by  Poa  foliosa 
is  at  a  maximum  and  many  species  are  suppressed.  Beyond  this  zone  the  tussock 
grassland  displays  greater  diversity  in  structure  due  to  degeneration,  death,  and 
regeneration.  This  is  the  hinterland  region  described  by  Watt  (1943,  1947).  Many 
of  the  species  of  the  serai  community  reappear  sporadically  in  this  region  and,  in 
the  relative  isolation  of  each  gap,  they  may  achieve  local  abundance. 

Features  of  the  phases  of  Poa  foliosa  compiled  from  transects  and  quadrats 
on  all  sites  are  set  out  in  Table  1.  The  details  of  floristics  and  %  cover  of  the 

POA  FOLIOSA  REGENERATION  SITE  3 

early  degenerate 


4 
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Fig.  9 — Regeneration  of  Poa  foliosa  in  the  hinterland  region  at  site  3,  by  means  of 
a  long  shoot  at  shallow  depths.  Pedestals  on  this  site  may  not  be  as  deep  as  in  other 
areas  and  rhizomes  can  spread  out  into  gaps.  A  seedling  Stilbocarpa  is  also  shown. 
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Table  3 

Species  Present  in  3  Phases — Site  3 ,  Wireless  Hill,  December  1963 


Invasion  Zone 

Species 

Hinterland 

(Cryptogams  in  brackets) 

Pioneer 

Building 

Tussock 

Epilobium  linnaeoides 

+ 

E.  nerteroides 

+ 

( Rhacorn  itrium  crisp ulum ) 

+ 

( Th  uidiurn  furfurosum  ) 

+ 

( Lophocolea  tenax) 

+ 

Acaena  anserifolia  var.  minor 

+ 

Colobanthus  muscoides 

+ 

Festuca  erecta 

+ 

4- 

( Bartramia  papillata) 

+ 

+ 

( Amblystegium  serpens) 

+ 

+ 

Colobanthus  crassifolius 

+ 

4- 

( Peltigera  polydactyla) 

+ 

4- 

( Ditrichum  strict um) 

+ 

4" 

( Hypnum  cupressiforme) 

+ 

+ 

Poa  foliosa 

+ 

+ 

4“ 

A  grostis  magellanica 

+ 

+ 

4- 

Montia  fontana 

+ 

4- 

4- 

Ranunculus  biternatus 

+ 

4- 

4“ 

Luzula  camprestris  var.  crinata 

+ 

4- 

4- 

Acaena  adscendens 

+ 

4- 

4- 

Stilbocarpa  polaris 

+ 

4- 

4- 

Pleurophyllum  hookeri 

+ 

+ 

4- 

Stellaria  decipiens 

+ 

4- 

4- 

Cardamine  corymbosa 

+ 

4- 

4- 

( Metzger  ia  fur  cat  a) 

4- 

4- 

4- 

( Lophocolea  lenta) 

+ 

4- 

4- 

Callitriche  antarctica 

4- 

( Pterygophyllum  dentatum) 

+ 

Total 

26 

15 

18 

Vascular  plants 

16 

11 

13 

phases  of  Poa  foliosa  in  the  invasion  of  the  landslip  community  of  Agrostic-Festuca - 
Pleurophyllum  on  Site  3  are  given  in  Tables  2  and  3. 

Pattern  and  Process  in  the  Poa  foliosa-Stilbocarpa  polaris  Association 

In  Site  1  the  canopy  of  Poa  foliosa  is  abruptly  interrupted  by  clusters  of  large 
hairy  crenate  leaves  of  Stilbocarpa  polaris.  In  this  N.-facing  and  presumably  warmer 
site,  the  peat  accumulation  is  less  than  6-12  in.  above  the  old  scree,  and  peat 
pedestals  were  smaller  and  not  leaning  as  on  the  other  sites.  In  some  cases, 
daughter  crowns  may  develop  2-3  in.  from  the  periphery  of  Mature  or  Degenerate 
tussocks  by  the  emergence  of  tillers  through  the  litter  layer. 

The  phases  of  development  of  Stilbocarpa  are  clear  from  the  Pioneer  seedling 
to  the  Mature  plant.  Most  Stilbocarpa  appears  to  be  in  the  late  Building  to  Mature 
phase  with  large  leaves  20-24  in.  long  arising  from  rhizomes  3-9  in.  long  and 
1-2  in.  broad.  Growth  is  monopodial  and  inflorescences  and  side  branches  occur 
close  to  the  apex  of  the  rhizome.  Only  when  the  thickened  axillary  rhizomes  are 
cast  off  by  the  progressive  death  of  the  parent  rhizome  are  they  regarded  as 
constituting  an  appropriate  phase.  Some  shoots  appear  to  be  liberated  at  a  stage 
equivalent  to  the  Building  phase.  Occasionally,  the  whole  plant  dies  and  leaves  a 
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O  lO'  20'  30'  40”  '"'Hts 

Fig.  10 — Regeneration  of  Poa  foliosa  in  site  2  where  rare  seedlings  may  be  found 
on  old  pedestal  mounds  in  gaps  associated  with  Callitriche  antarctica.  Heavy 
infestations  of  the  grain  fungus  Claviceps  sp.  may  reduce  seed  supply  in  this  area. 


gap  in  which  the  vascular  fabric  of  the  rhizome  is  the  only  evidence  of  previous 
occupation.  Degenerating  plants,  however,  were  rare,  possibly  due  to  the  rapid 
decay  of  their  fleshy  leaves  and  rhizomes. 

In  large  patches  of  Stilbocarpa ,  the  pattern  of  development  and  regeneration 
is  less  obvious  than  that  in  the  grassland  areas.  Gaps  are  created  only  where  the 
haphazard  rhizomes  diverge;  where  Mature  plants  follow  each  other  closely  no 
gaps  are  formed.  Gaps  may  be  recolonized  by  rhizomes  or  seedlings  of  Stilbocarpa. 
In  areas  of  mixed  tussock  and  Stilbocarpa ,  gaps  may  sometimes  contain  exception¬ 
ally  dense  swards  of  the  introduced  Poa  annua,  or  prostrate  mats  of  Callitriche 
antarctica  and  the  moss  Amblystegium  serpens.  Seedlings  of  Stilbocarpa  occur 
occasionally  (Fig.  9).  In  some  small  patches  between  the  Poa  foliosa  tussocks,  the 
rhizomes  of  Stilbocarpa  may  grow  centrifugally,  or  may  be  oriented  so  that  the 
retreating  rhizome  leaves  a  bare  area  which  is  passively  invaded  by  pioneer  rhizomes 
of  Poa  foliosa  from  the  adjacent  tussocks.  Active  invasion  can  also  take  place  by 
rhizomatous  Pioneer  Poa  foliosa  growing  up  through  the  canopy  of  Stilbocarpa. 
It  seems  likely,  therefore,  that  Poa  foliosa  will  ultimately  assert  its  supremacy  in  this 
association,  leaving  Stilbocarpa  to  fit  into  the  general  pattern  which  is  imposed  on 
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it.  The  very  large  patches  of  Stilbocarpa  on  newly  stabilized  slopes  are  likely  to 
be  sub-climax  to  Poa  foliosa  in  the  peat-slip  succession.  The  position  of  the 
equilibrium  attained  after  the  invasion  and  establishment  of  Poa  foliosa  will  depend, 
no  doubt,  on  the  exact  nature  of  the  site  factors.  Poa  annua  is  likely  to  remain 
a  gap  species  as  it  is  readily  suppressed  by  dense  litter  of  Poa  foliosa . 

General  Considerations 

The  phases  of  Poa  foliosa  show  different  reactions  to  sheep  grazing  on  Wireless 
Hill.  Here,  the  Mature  and  Degenerate  tussocks  have  been  killed,  leaving  large 
areas  of  bare  pedestal  mounds.  The  Building  and  Pioneer  stages,  with  their  shoots 
growing  close  to  the  ground,  have  been  little  damaged.  The  repeated  removal  of 
photosynthetic  tissue  and  nutrients  could  lead  to  a  serious  decline  in  the  vulnerable 
Mature  and  Degenerate  phases,  especially  if  the  mass  of  roots  and  rhizomes 
confined  to  the  pedestal  are  dependent  on  the  nutrient  cycle  of  litter  decay. 

A  generalized  scheme  for  cyclic  development  in  ungrazed  maritime  tussock 
grassland  is  as  follows: 


P,  B,  M,  D  =  phases  of  development;  for  arrows  read  ‘becomes’. 


The  broad-scale  pattern  development  of  the  grassland  is  also  cyclic  over  a  very 
long  time-scale,  e.g. 

LAND  SUP  cufP 

X  / 

TUSSOCK  I  SCREE 


\ 


SHORT  TURF 


Comparisons  of  photographs  from  Wireless  Hill  by  Hamilton  in  1914  (1926) 
and  Jenkin  in  1965  (PI.  27,  fig.  1)  show  relatively  minor  changes.  In  some  cases 
landslips  are  now  covered  with  short  turf,  but  in  the  windiest  sites  they  are  still 
bare.  The  stabilized  scree  slope  in  Site  1  was  only  lightly  vegetated  in  1914,  and 
very  large  tussocks  now  occupy  the  upper  portion  of  the  wind  scoured  sand  slope 
at  the  SE.  part  of  the  isthmus. 

The  rate  of  turnover  of  each  cycle  is  not  known,  but  the  life  of  the  individual 
dominant  plants  is  probably  of  the  order  of  several  decades.  Growth  rate  of  the 
vegetation  is  unexpectedly  high  for  grasslands.  December  estimates  of  the  dry 
weight  of  the  Poa  foliosa-Cardamine  corymbosa  association  at  Site  2  are  0  96 
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Kg/M2  for  tops  and  1  •  94  Kg/M2  for  roots  to  6  in.  The  regrowth  of  the  stand  one 
year  after  close  clipping  varied  from  Vio  to  &  of  the  original  dry  weight.  The  high 
root  weight  is  probably  the  reason  for  the  rapid  build-up  of  the  pedestal  under 
conditions  not  favouring  decomposition.  Poa  foliosa  grassland  develops  a  leaf  area 
index  of  about  4  in  December,  but  the  interception  of  the  predominantly  diffuse 
light  varies  according  to  the  phase  of  growth.  The  abundance  of  standing  litter  in 
the  late  Mature  and  early  Degenerate  phase  may  deprive  the  young  shoots  of  a 
significant  amount  of  light.  Stilbocarpa  shows  a  marked  initial  decrease  in  light 
intensity  with  depth,  due  to  the  horizontal  foliage,  but  the  light  is  very  variable 
and  the  pools  of  bright  diffuse  light  could  be  sufficient  to  permit  pioneer  Poa  Foliosa 
to  succeed. 

It  would  be  of  considerable  interest  to  know  why  Poa  foliosa  is  able  to  grow 
so  luxuriantly  in  such  a  uniformly  cool  and  cloudy  environment.  The  growth  of 
transplants  in  the  warmer  climate  of  Melbourne  is  very  poor,  in  spite  of  careful 
watering.  If  this  species  reaches  optimum  growth  rates  at  relatively  low  tempera¬ 
tures,  then  the  growing  season  at  Macquarie  Is.  could  be  long.  Experiments  under 
controlled  conditions  are  being  initiated  to  test  this  hypothesis.  Details  of  the 
seasonal  biomass  and  leaf  area  index  changes  in  the  grasslands  and  herbfields  are 
being  determined  by  J.  F.  Jenkin,  ANARE,  Macquarie  Is.,  and  will  be  published 
in  due  course. 
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Explanation  of  Plate 

Plate  27 

pig  i — General  view  of  Macquarie  Is.  S.  from  Wireless  Hill.  Photograph  by  J.  F.  Jenkin 
1965,  from  the  same  place  as  that  taken  by  Hamilton  in  1914.  AN  ARE  station  on 
the  isthmus. 

Fig.  2 — The  re-establishment  of  Poa  foliosa  grassland  in  a  landslip  succession  on  Wireless  Hill. 

A  front  of  Poa  foliosa  is  advancing  as  a  rank  lawn  into  a  short  turf  of  Agrostis, 
Festuca ,  and  Luzula.  The  mature  grassland  in  the  hinterland  area  has  developed  the 
typical  tussock  form  and  pattern.  The  large  rosettes  in  the  serai  turf  are  of  the 
composite  Pleurophyllum  hookerL 

Fig.  3 — Close  view  of  the  Poa  foliosa  sward  showing  the  magnitude  of  the  tussocks;  the 
trapper  spade  is  3  ft  high.  The  pattern  consists  of  building,  mature,  degenerate,  and 
gap  phases. 
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PATTERN  AND  PROCESS  IN  A  MACQUARIE  ISLAND 

FELDMARK 

By  D.  H.  Ashton  and  A.  M.  Gill 

Botany  Department,  University  of  Melbourne 

Introduction 

The  Feldmark  or  Fell-field  formation  has  been  defined  by  Beadle  &  Costin 
(1952)  as  ‘an  open  sub-glacial  community  of  dwarf  flowering  plants,  mosses  and 
lichens,  usually  dominated  by  chamaephytes’.  Polunin  (1960),  however,  has 
restricted  the  term  to  discontinuous  communities  of  dwarf  flowering  plants  which 
occupy  less  than  50%  of  the  ground  area  in  some  arctic  and  alpine  environments. 
Neither  definition  fully  recognizes  the  fact  that  some  of  these  communities  may 
be  completely  dominated  by  bryophytes. 

Pattern  in  Feldmark  is  striking  and  can  be  influenced  by  a  number  of  factors 
such  as  stone  nets  and  soil  polygons  (Bliss  1956),  terraces  (Taylor  1955),  frost 
scars  (Hopkins  &  Sigafoos  1951),  scree  (Warming  1909),  and  wind  (Costin 
1954). 

The  pattern  in  the  Feldmark  of  Macquarie  Is.  is  partly  associated  with  terrace 
pattern,  where  material  from  frost  sorting  and  creep  has  accumulated  against  stripes 
of  vegetation  (Taylor  1955).  The  present  study,  however,  is  concerned  with  the 
pattern  on  the  windward  slopes  where  terrace  formation  is  very  slight  and 
discontinuous.  It  was  undertaken  in  December  1964  while  the  authors  visited 
Macquarie  Is.  with  the  Australian  National  Antarctic  Research  Expedition. 

Environment 

The  Feldmark  is  the  commonest  formation  on  Macquarie  Is.  and  occurs  chiefly 
on  gentle  to  moderate  slopes  above  600  ft  (PI.  28,  fig.  1). 

At  its  highest  altitude,  the  Feldmark  environment  is  marked  by  consistently  low 
temperatures  and  high  wind  velocity.  On  the  basis  of  24  simultaneous  readings  of 
temperature  over  Macquarie  Is.,  Taylor  (1955)  considered  that  the  areas  in  which 
Feldmark  occurs  are  likely  to  be  3-7°F  cooler  than  at  sea  level.  The  reduction  of 
temperature  with  altitude  appears  to  be  much  more  severe  than  usually  encoun- 
tred  (Kittredge  1948).  At  its  lowest  limit,  the  Feldmark  is  suppressed  by  the  shade 
cast  from  the  vigorous  rosettes  of  Pleurophyllum  hookeri  and  tussocks  of  Poa 
foliosa  (Taylor  1955). 

Precipitation  averages  40  in.  per  annum  at  the  ANARE  weather  station.  It  is 
likely  that  precipitation  increases  with  altitude,  although  the  high  winds  on  the 
plateau  may  offset  this  in  some  sites.  Low  cloud  is  common  at  Macquarie  Is.  and 
the  plateau  above  500  ft  is  frequently  fog-bound. 

Wind  speeds  of  20  knots  are  the  most  common  at  the  weather  station  where 
the  recorder  is  33  ft  above  sea  level  (Law  &  Burstall  1956).  Taylor  (1955) 
estimates  wind  speeds  in  higher  areas  to  be  at  least  25%  greater  than  this. 

The  soils  of  the  Feldmark  have  been  called  Dry  Tundra  soils  by  Taylor  (1955), 
and  the  following  brief  account  of  them  is  taken  largely  from  his  work.  Texture 
is  variable  due  to  varying  quantities  of  stone  and  gravel  throughout  the  profile. 
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Stones  form  a  surface  mat  and  may  be  frost-sorted  into  polygons  on  flat  ground 
and  parallel  bands  down  slopes.  Frost  sorting  is  more  intense  on  well  drained  soils, 
and  the  corrugations  of  the  surface  gravel  have  a  counterpart  as  channels  in  the 
gravelly  loam  subsoil  at  depths  of  one  foot  or  more. 

Water  relations  vary  markedly  with  the  soil  type  and  topography,  and  the 
poorly-drained  soils  may  have  a  water-table  close  to  the  surface.  The  availabality  of 
water  to  plants  growing  in  these  soils  is  further  complicated  by  soil  freezing,  by 
mists  and  fogs,  and  by  high  winds.  The  hummocks  of  Feldmark  vegetation  are 
effective  in  intercepting  rain  and  snow  blown  at  high  speed  across  the  plateau 
(PI.  28,  fig.  2). 

The  Cushion  Habit 

The  major  Feldmark  species,  Azorella  selago,  forms  a  hard  compact  cushion. 
This  habit  is  common  to  many  families  and  genera  of  flowering  plants  and  mosses.  It 
is  found  not  only  in  sub-glacial  and  alpine  environments,  but  also  in  hot  desert  areas 
(Warming  1909).  Rauh,  cited  by  TroLl  (1960),  calculated  that  64%  of  all  ‘cushion 
plants’  occur  either  in  high  tropical  Andes  or  in  the  sub-Antarctic. 

Spomer  (1964)  has  shown  that  the  cushion  habit  of  some  alpine  plants  may 
disappear  when  they  are  transplanted  to  lower  elevations.  He  concluded  from  both 
field  and  laboratory  experiments  that  temperature  was  perhaps  the  most  important 
factor  controlling  the  development  of  the  cushion  habit.  Light,  wind,  and  moisture- 
stress  were  considered  to  be  less  significant.  However,  wind  as  a  factor  has  been 
emphasized  by  both  Warming  (1909)  and  Cockayne  (1928).  The  former  author 
connected  wind  effects  with  desiccation,  particularly  in  cold  climates  where  water 
deficits  may  develop  in  the  plant  due  to  retarded  water  absorption.  Warming 
(1909)  supports  this  theory  by  reporting  cushion  plants  from  ‘arid,  hot,  but 
tolerably  calm  desert  places’  (p.  38). 

At  Macquarie  Is.  the  cushion  habit  of  Azorella  was  maintained  on  a  relatively 
protected  scree  but,  under  the  extreme  protection  of  overhanging  rocks,  it  may  be 
more  open  and  show  etiolation.  Hence,  any  one  environmental  factor  does  not 
explain  all  cases.  Probably  the  habit  is  the  result  of  a  very  slow  growth  rate  and 
a  prolific  branching  pattern  resulting  from  a  poorly  developed  apical  dominance. 

The  growth  rate  of  Azorella  selago  at  Macquarie  Is.  has  been  estimated  by 
Taylor  (1955)  to  be  i  in.  per  year.  About  5-6  shortly-lobed  sheathing  leaves  are 
produced  each  year  with  a  density  of  20-22  leaves  per  inch  of  stem.  These  die  with 
the  onset  of  winter  and  accumulate  on  the  stem  from  year  to  year,  gradually 
decaying  into  peat  at  the  base  of  the  cushion.  Because  of  the  branching  habit  and 
the  stiff  divergent  leaves,  the  canopy  is  under  considerable  lateral  pressure.  The 
complex  branching  habit  is  shown  in  Fig.  1. 

The  streamlined  surface  of  these  cushions  probably  permits  escape  from  the 
physical  and  abrasive  effects  of  wind  and  the  minimum  area  so  exposed  may  prevent 
excessive  transpiration  and  heat  loss. 

The  long-roots  of  the  Azorella  (observed  in  summer)  have  a  corrugated 
appearance,  apparently  due  to  contraction.  The  stele  appears  to  be  unaffected 
although  the  cortex  is  convoluted,  and  in  transverse  section  contains  large  gaps. 
Although  contractile  roots  are  common  in  many  species  (Esau  1953),  it  is  possible 
that  their  significance  is  greater  in  the  Feldmark  environment  than  elsewhere,  as 
soil  frosting  occurs  and  strong  winds  prevail;  the  contraction  may  enable  better 
purchase  in  the  ground  and  prevent  uprooting.  Kokkonen  (1927)  found  a 
correlation  between  the  extensibility  of  the  roots  of  four  rye  varieties  and  their 
ability  to  overwinter  in  frosted  soils. 
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AZORELLA  CUSHION  DISSECTED  PROFILE 


Fig.  1 — Complex  branching  habit  of  Azorella  cushions,  showing  large  contractile 
roots  and  the  accumulation  of  peat  and  fine  soil. 


Feldmark  Vegetation 

Taylor  distinguished  two  alliances  within  this  formation:  the  Azorella  selago 
alliance  and  the  Dicranoweisia  antarctica  alliance.  The  Azorella  selago  alliance  was 
split  into  three  associations  depending  on  the  proportion  of  the  moss  Rhacomitrium 
crispulum.  This  alliance  occurs  on  the  ramps  of  the  leeward  terraces  and  on  the 
windward  slopes.  The  Dicranoweisia  antarctica  alliance  occurs  on  the  flats  or 
treads  of  the  leeward  terraces  and  on  the  most  exposed  saddles  and  mountain  tops. 

In  the  N.  half  of  the  island  from  Green  Gorge  to  North  Mt  (800-900  ft),  we 
have  found  that  the  dominant  moss  in  the  Dicranoweisia  antarctica  alliance  is  in 
fact  Ditrichum  strictum  Hampe;  no  Dicranoweisia  could  be  found,  although  it  was 
collected  by  the  ANARE  from  Wireless  Hill  in  1950.  This  alliance  will  be  referred 
to  henceforth  as  the  Ditrichum  strictum  alliance. 

The  Feldmark  consists  of  dense  patches  and  stripes  of  vegetation  which  are 
separated  by  sparsely  vegetated  pavements  of  gravel  and  stones.  The  patches  and 
stripes  of  vegetation  can  be  considered  as  ‘micro-associations’  of  species  and, 
therefore,  are  only  part  of  the  whole  vegetation  of  the  site.  The  Feldmark  shows 
variation  in  both  the  scale  of  patterning  and  floristic  composition. 

The  scale  of  patterning  is  determined  by  the  size  of  the  terrace  formation  on 
the  site.  On  the  windward  slopes  (W.  and  NW.)  the  terraces  are  slight  and  limited 
to  the  discontinuous  stripes  of  vegetation.  The  intervening  pavements  contain 
scattered  colonies  of  Ditrichum ,  Andraea,  and  the  regenerating  dominants  of  the 
stripes.  On  the  leeward  slopes  (E.  and  SE.),  the  terraces  are  large  and  the  ramps 
are  clothed  with  continuous  vegetation  forming  giant  stripes  which  are  separated 
by  the  gravel  pavements  of  the  flats  or  treads.  The  presence  of  scattered  colonies 
of  Ditrichum  and  Andraea  on  these  latter  sites  may  be  related  to  the  local  severity 
of  either  wind  (as  suggested  by  Taylor)  or  frost.  On  intermediate  aspects  (NE.) 
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there  may  be  a  mixture  of  patterns  due  to  the  small  scale  stripes  growing  forward 
along  the  contoured  flats  of  the  large  terraces. 

A  floristic  simplification  occurs  in  response  to  increased  wind  exposure  on  both 
the  windward  and  leeward  slopes.  Thus,  on  relatively  moderate  exposure,  the 
Herbfield  associates  of  Azorella  are  diminished  and  Rhacomitrium  becomes  co¬ 
dominant.  Wind  exposure  can  exceed  the  limits  of  Azorella  on  the  windward  slopes, 
resulting  in  a  community  of  Rhacomitrium  stripes  and  Ditrichum  colonies.  On 
the  most  severe  exposures  Rhacomitrium  disappears,  leaving  only  the  Ditrichum 
element  of  the  Feldmark.  The  associations  recognized  by  Taylor  on  the  windward 
slopes  are  convenient  points  of  reference  in  what  is  more  or  less  a  continuous 
gradation. 

The  classification  of  the  Feldmark,  therefore,  presents  considerable  difficulties. 
We  consider  that  the  whole  vegetation  can  be  better  interpreted  as  a  complex 
Azorella-Ditrichum  alliance,  because  Ditrichum  is  intimately  mixed  with  the  other 
dominants  on  so  many  sites.  In  this  vegetation,  the  concept  of  the  association 
should  be  broadened  to  encompass  the  whole  pattern  on  any  site.  This  then 
overcomes  the  objection  of  having  a  closed  Azorella  association  (Taylor  1955) 
on  the  leeward  slopes  in  a  formation  that  is,  by  definition,  an  open  one.  This 
alternative  classification  of  Feldmark  associations  is  set  out  in  Table  1. 


Table  1 

Feldmark  Classification 


According  to  Taylor  (1955) 

Alternative  Scheme 

Azorella  alliance 

Azorella-Ditrichum  alliance 

Azorella  association 

Azorella  association 

A  zorella-Rhacomitrium  association 

windward  facies 
leeward  facies 

A  zorella-Rhacomitrium  association 

Rhacomitrium  association 

windward  facies 
leeward  facies 

Rhacomitrium  association 

Ditrichum  ( Dicranoweisia )  alliance 

Ditrichum  association 

Ditrichum  association 

The  Azorella  selago- Rhacomitrium  crispulum  Association  (windward  facies) 

Description 

This  association  consists  of  isolated  cushions  and  stripes  of  Azorella  selago 
and  Rhacomitrium  crispulum  aligned  at  right  angles  to  the  prevailing  wind.  This 
alignment  is  usually  along  the  contour  but  it  may  be  inclined  to  this  on  the  south¬ 
westerly  slopes.  The  individual  stripes  may  be  1-10  ft  long,  3-30  in.  wide,  and  up 
to  3-4  in.  high.  These  micro-associations  of  either  or  both  dominants  may  contain 
several  species  of  mosses,  liverworts  and  lichens,  a  prostrate  fern,  and  stunted 
herbs  and  grasses.  Liverworts  in  particular  are  more  numerous  than  has  been 
indicated  by  Taylor  (1955).  The  species  occurring  in  these  micro-associations  at 
North  Mt  are  listed  in  Table  2.  The  percentage  cover  of  the  cushion  areas  and 
major  component  species  has  been  determined  by  line  transects  and  is  summarized 
in  Table  3  (J.  F.  Jenkin  pers.  comm.).  As  the  degree  of  exposure  to  wind 
increases,  the  cushions  of  Azorella  become  more  prostrate  and  less  hemispherical, 
and  Rhacomitrium  becomes  more  and  more  prominent.  On  the  gravel  pavement 
between  the  stripes,  isolated  dark  green  cushions,  balls  and  crescentic  colonies  of 
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Ditrichum  strictum  occur.  Also  scattered  on  these  sites  are  the  reddish  tufts  of 
Andraea  acutifolia  and  the  regenerating  brown  and  green  patches  of  the  dominants, 
Rhacomitrium  crispulum  and  Azorella  selago. 


Table  2 

Species  present  in  Azorella-Rhacomitrium  stripes,  North  Mountain 
VASCULAR  PLANTS 


Azorella  selago  (Umbelliferae) 

Luzula  campestris  var.  crinata  (Juncaceae) 
Agrostis  magellanica  (Gramineae) 
Pleurophyllurn  hookeri  (Compositae) 
Acaena  anserifolia  (Rosaceae) 

Coprosma  pumila  (Rubiaceae) 

Grammitis  billardieri  (Filices) 


NON-VASCULAR  PLANTS 

Bryophytes 

Lichens 

Mosses — 

Rhacomitrium  crispulum 
R.  lanuginosum  var.  pruinosum 
Ditrichum  strictum 
Leptostomum  inclinans 
Breutelia  pendula 
Rhacocarpus  humboltii 
Dicranoloma  robustum  var.  setosum 
Campylopus  clavatus 
Psilopilum  australe 
Poly  trichum  ( Pogonatum )  australe 
Thuidium  furfurosum 
Liverworts — 

J amiesoniella  colorata 
Adelanthus  occlusus 
Lepidozia  laevifolia 
Lejeunia  primordialia 


Foliose — 

Parmelia  sublugubris  (1) 

Sticta  glabra  (d)(1) 

Peltigera  polydactyla  (1) 

Fruticose — 

Cladonia  fimbriata  (d) 

Cladonia  aggregata  (r) 

Sphacrophorus  tener  (d)(r) 

Usnea  contexta  (d)(1) 

Crustose — 

Psoroma  versicolor  (d) 

Megalospora  sp.  (d) 

Pertusaria  tyloplaca  (d) 


(d)  =  on  dead  Azorella 
(1)  =  on  living  Azorella 
(r)  =  with  Rhacomitrium 


Regeneration 

(a)  The  Azorella-Rhacomitrium  cushion. 

Isolated  seedlings  of  Azorella  and  small  tufts  of  Rhacomitrium ,  one  inch  in 
diameter,  occur  on  the  erosion  pavement  in  the  micro-habitat  provided  by  stones 
2-4  in.  in  diameter.  As  these  plants  develop  above  this  local  protection,  they  are 
affected  by  the  severe  wind  and  grow  as  low  tough  discs  of  vegetation  1-2  in.  high. 
As  they  become  more  dome-shaped  they  are  liable  to  die  back,  lose  coherence, 
and  develop  an  erosion  scarp  on  the  windward  side.  They  ultimately  become  asym¬ 
metrical  and  crescentic  in  outline,  and  continue  to  grow  forward  in  their  own 
shelter.  The  dieback  on  the  windward  crest  of  Azorella  cushions,  in  part,  may  be 
due  to  the  failure  of  the  growing  points  to  resume  growth  after  the  winter  death 
of  the  leaves.  Dieback  patches  are  often  slimy  with  blue-green  algae  and  are 
frequently  colonized  by  crustose  lichens. 

The  older  plants  of  the  dominants  are  rarely  pure  colonies.  Small  plants  of 
Luzula  campestris  var.  crinata ,  Agrostris  magellanica ,  Grammitis  billardieri ,  and 
even  Pleurophyllurn  hookeri  are  to  be  found,  particularly  on  the  lee  sides  of  the 
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Table  3 

Percentage  cover  of  Feldmark  estimated  from  progressive  totals  of  intercepts  on 
three  100  ft  line  transects  downslope  5-6 °  to  W on  North  Mountain ,  April  1965 

(J.  F.  Jenkin) 


0-100' 

0-200' 

0-300' 

Azorella  selago 

living 

13-6 

15-8 

140 

Azorella  selago 

dead 

1-5 

1*2 

1-8 

Azorella  selago 

total 

15.1 

170 

15-8 

Rhacomitrium  crispulum 

living 

19-7 

21*5 

20-2 

Rhacomitrium  crispulum 

dead 

1*7 

1-8 

1-7 

Rhacomitrium  crispulum 

total 

21*4 

23-3 

21-9 

Agrostis  magellanica 

2-2 

1-8 

1-2 

Luzula  campestris  var.  cnnata 

1-2 

20 

1-3 

Pleurophyllum  hookeri 

0  9 

0-9 

0-5 

Lichens  (6  spp.) 

0-8 

0-6 

0  1 

Acaena  anserifolia  var.  minor 

— 

10 

0-7 

Pogonatum  alpinum 

01 

01 

01 

Ranunculus  biter natus 

— 

001 

0  01 

Andraea  acutifolia 

01 

0-2 

0-2 

D  it  rich  um  strict  um 

_ 

01 

01 

Coprosma  pumila 

— 

— 

004 

Liverworts  and  other  Mosses 

— 

— 

01 

Bare  ground,  stones 

581 

530 

57-3 

Total  vegetation  stripe 

41-7 

46-7 

42*4 

Between  stripe  vegetation 

0-2 

0-3 

0-3 

Total  vegetation 

41-9 

470 

42-7 

cushions.  The  non-rhizomic  plants,  especially  if  long  lived,  will  be  gradually 
removed  as  the  growth  and  subsequent  erosion  of  the  cushion  proceed. 

The  tufts  and  cushions  of  Ditrichum  and  Andraea  are  intolerant  of  competition 
from  the  dominant  plants  and  are  soon  suppressed  if  they  are  invaded  by  propagules 
or  overrun  by  an  advancing  cushion  or  stripe. 

The  mats  of  Rhacomitrium  are  common  sites  for  the  establishment  of  Azorella 
seedlings.  Often  several  seedlings  establish  in  one  mat,  and  their  combined  growth 
results  in  the  peripheral  displacement  of  the  moss  (Fig.  2).  The  moss  is  caught 
between  the  young  expanding  cushions  and  forms  a  hedge  4-1  in.  higher  than  the 
surroundings  (PI.  29,  fig.  1).  The  polymorphic  nature  of  the  mature  cushion  can 
be  seen  in  the  mosaic  of  colour  and  flowering  times. 

Erosion  at  this  stage  removes  Rhacomitrium  from  the  windward  side  and  the 
structure  becomes  essentially  a  double  stripe  (Fig.  3).  Proof  of  its  forward  move¬ 
ment  is  shown  by  the  fact  that  Rhacomitrium  has  its  origin  beneath  the  Azorella , 
and  the  stems  and  roots  of  Azorella  may  protrude  up  to  at  least  18  in.  from  the 
eroding  scarp  on  the  windward  side  (PI.  29,  fig.  2).  The  fact  that  the  Rhacomitrium 
forms  a  leeward  strip  to  the  Azorella  hummock  does  not  necessarily  mean  that  it 
is  less  wind  resistant. 

Why  these  stripes  develop  at  right  angles  to  the  wind  is  not  understood.  It  is 
possible  that  erosion  is  less  severe  at  the  edges  of  the  cushion  due  to  eddy  effects. 
Lateral  expansion  may  not  be  as  great  as  leeward  growth,  but  over  a  long  time  may 
lead  to  the  formation  of  an  elongated  stripe.  The  pattern  at  Macquarie  Is.  differs 
from  the  Rhacomitrium  lanuginosum-Empetrum  erosion  complex  at  3,000-3,500  ft 
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INVASION  OF  RHACOMITRIUM  BY  AZORELLA 


PERIPHERAL  DISPLACEMENT  OF  RHACOMITRIUM 


« - 1 _ i - 1 - 1 - 1 - 1  . .  j 

O  4  8  12 

INCHES 

Fig.  2 — Two  stages  of  the  invasion  of  Rhacomitrium  crispulum  mats  by  Azorella 
selago ;  Luzula  campestris  and  Agrostis  magellanica  are  common  associates.  In  the 
upper  example  the  simple  leaves  of  the  fern  Grammitis  billardieri  protrude  through 
the  moss  shoots. 

in  the  Cairngorms  (Burges  1951,  Watt  1947)  in  that  the  vascular  dominant  occurs 
on  the  exposed  side  of  the  stripe.  From  leaf  scar  measurements,  the  age  of  the 
stripes  is  of  the  order  of  20-80  years.  The  total  life  span  of  the  plant  is  not  known, 
but  it  is  certainly  not  indefinite,  since  the  whole  of  the  hummock  may  die  simul¬ 
taneously  and  the  debris,  peat  accumulation,  and  any  small  associated  plants  are 
scoured  away  by  the  wind.  Living  Rhacomitrium  is  often  blown  away  at  this  stage 
although,  if  it  is  large  and  firmly  established,  it  may  remain  and  continue  growth. 
It  may  then  be  subject  to  further  colonization  by  Azorella. 

In  some  cases,  the  dieback  of  tall  Azorella  cushions  starts  at  the  exposed 
summit  and  spreads  to  the  base,  leaving  only  a  ring  of  living  Azorella.  Whether 
adventitious  roots  would  sustain  these  shoots  during  severe  storms  is  not  known. 
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Whether  or  not  Rhacomitrium  crispulum  establishes  in  Azorella  mats  is  not  known 
with  certainty,  but  some  evidence  from  shallow  stem  depths  suggests  it  can  do  so. 

(b)  Ditrichum  strictum  cushions. 

.  Ditrichum  tends  to  form  pure  units,  but  older  plants  may  be  associated  with 
the  leafy  liverwort  Jamiesoniella  colorata.  The  growth  form  appears  to  be  dependent 
on  the  vagaries  of  the  environment.  When  a  small  cushion  grows  to  1-2  in.  in 

€2> 
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6  6  1*2  18  24  30 
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Fig.  3 — Plan  and  profile  of  a  double  stripe  of  Azorella  and  Rhacomitrium  showing 
pattern  of  die  back  on  the  windward  side  (shaded).  This  forms  terraces  in  the  surface 
of  the  cushion  in  some  places.  An  independent  colony  of  Rhacomitrium  to  the  right 
is  also  showing  erosion  on  its  windward  side. 
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DITRICHUM  CUSHIONS 


REGENERATING 


DISC 


BALL 


L.S.  PROFILE 


PLAN 


1  INCH 

Fig.  4 — The  ‘ball  and  button’  types  of  Ditrichum  colony  showing  longitudinal  sections. 


diameter  it  may  be  dislodged  by  wind  or  frost  action.  However,  it  has  the  ability 
of  continuing  growth  even  though  overturned.  By  a  repetition  of  overturning  and 
regeneration,  a  complete  ball  of  moss  up  to  3  in.  in  diameter  may  form  with  a  core 
of  fine  accumulated  mineral  soil  and  peat  (Fig.  4).  If  a  large  unit  remains  in  a 
stable  position  for  sufficiently  long  to  kill  the  underneath  shoots,  then,  on  over¬ 
turning,  the  regeneration  may  not  proceed  fast  enough  to  offset  erosion  of  the  dead 
area.  A  ring  of  moss  can  thus  be  formed.  However,  it  is  possible  that  the  rings  of 
moss  could  also  develop  by  the  death  and  erosion  of  the  centres  of  the  cushions. 
Such  death  can  be  due  to  fungal  attack  (Warren  Wilson  1951)  although  this  has 
not  been  observed  at  Macquarie  Is. 

One  very  large  ring  of  Ditrichum ,  1 1  in.  in  diameter,  showed  active  erosion  in 
the  centre,  due  to  direct  and  eddying  wind  effects.  Whether  the  rate  of  radial 
growth  can  keep  pace  with  such  erosion  is  not  known,  but  crescentic  fragments 
(PI.  29,  fig.  3)  growing  before  the  wind  are  common. 

Conclusion  and  Summary 

It  is  proposed  to  consider  the  Feldmark  community  as  one  large  unit,  the 
Azorella-Ditrichum  alliance. 

The  Azorella-Rhacomitrium  association  within  this  framework  consists  of 
complex  isolated  cushions  of  Azorella  and  Rhacomitrium  and  very  scattered 
Ditrichum  and  Andraea  tufts  in  the  intervening  pavement. 

Although  Rhacomitrium  mat  is  more  wind-resistant  than  the  Azorella  cushion, 
Q 
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DITRICHUM  RING 


Fig.  5 — Large  ring  of  Ditrichum  strictum  showing  erosion  on  the  windward  surfaces. 
The  liverwort  Jamiesoniella  colorata  is  shown  in  the  section  at  the  right-hand  side. 
Arrows  indicate  predominant  wind  direction. 


it  is  usually  found  on  the  leeward  sides  of  the  vegetation  stripes.  This  is  due  to  the 
mode  of  regeneration  of  Azorella  in  the  moss  mats,  and  the  subsequent  erosion  on 
the  windward  sides.  These  communities  may  be  linked  in  a  series  of  regeneration 
cycles  which  are  to  some  extent  due  to  chance  establishment  and  subsquent  growth 
before  the  prevailing  winds.  On  the  gentle  W.  slopes  of  North  Mt  the  sequence  of 
vegetation  may  be  summarized  as  follows: 
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Explanation  of  Plates 

Plate  28 

Fig.  1 — General  view  of  Macquarie  Is.  plateau  at  800  ft  above  sea  level,  looking  S.  to 
Mt  Ifould  and  Mt  Hamilton.  The  Feldmark  is  the  windward  slope  facies  dominated 
by  stripes  of  Rhacomitrium  and  Azorella. 

Fig.  2 — Azorella  selago  Feldmark  cushions  and  stripes  at  750  ft  altitude  showing  collection  of 
snow  driven  by  high  winds  during  a  storm  in  December  1963. 

Plate  29 

Fig.  1 — Hedges  of  Rhacomitrium  crispulum  in  a  developing  Azorella  cushion. 

Fig.  2 — Eroded  cushion  of  Azorella-Rhacomitrium  forming  a  double  stripe.  The  old  stems 
and  roots  of  Azorella  occur  in  the  eroded  pavement  on  the  windward  side. 

Fig.  3 — Small  eroding  cushions  of  Ditrichum  strictum  between  the  cushions  of  Azorella  on 
the  windward  slope  Feldmark. 


PROC.  ROY.  SOC.  VICT.  79  PLATE  28 


2 


PROC.  ROY.  SOC.  VICT.  79  PLATE  29 


19 

THE  VERTEBRATE  FAUNA  OF  THE  BASS  STRAIT  ISLANDS: 

1.  THE  AMPHIBIA  OF  FLINDERS  AND  KING  ISLANDS 

By  M.  J.  Littlejohn  and  A.  A.  Martin 
Zoology  Department,  University  of  Melbourne 

Introduction 

During  the  last  glacial  period  of  the  Pleistocene  when  the  world  sea  level  was 
more  than  240  ft  lower  than  at  present  (Godwin,  Suggate,  &  Willis  1958;  McFarlan 
1961;  Fairbridge  1962),  an  extensive  land  bridge  existed  between  S.  Victoria  and 
Tasmania.  All  the  Bass  Strait  islands  were  incorporated  and  a  potential  biotic 
corridor  was  present  at  a  time  when  the  climate  of  the  region  was  cooler,  and 
probably  much  wetter,  than  at  present. 

An  analysis  of  the  present  faunas  of  the  largest  of  the  Bass  Strait  islands, 
Flinders  and  King,  which  are  at  the  same  latitude,  but  were  on  opposite  sides  of 
the  land  bridge,  and  comparison  with  the  faunas  of  S.  Victoria  and  Tasmania,  may 
give  an  indication  of  the  nature  of  the  Bassian  corridor  and  the  possible  routes  of 
migration  of  the  terrestrial  vertebrate  fauna.  The  only  comprehensive  faunal  report 
on  the  Bass  Strait  area  is  that  of  the  Field  Naturalists  Club  of  Victoria  Expedition 
to  King  Is.  in  November  1887  (Spencer  1888).  Some  more  restricted  accounts, 
usually"  dealing  with  only  a  single  group,  have  been  published,  and  this  literature 
will  be  considered  in  the  reports  on  the  appropriate  groups  of  animals. 

The  probable  post-glacial  history  of  the  region  may  be  outlined  as  follows. 
Rapid  melting  of  the  world  continental  ice  sheets  and  polar  ice  began  about  16,000 
years  ago  (Fairbridge  1962)  and  the  sea  level  rose  at  about  3  ft  per  century  from 
14,000  to  6,000  years  ago  when  the  present  sea  levels  were  attained  (Godwin 
et  al.  1958).  As  the  sea  level  recovered,  the  sunkland  between  Cape  Otway  and 
King  Is.  was  flooded  (about  14,000  years  ago).  The  isthmus  between  Victoria  and 
Tasmania  finally  broke  to  the  N.  of  Flinders  Is.  about  12,000  years  ago.  King  Is. 
was  separated  from  Tasmania  some  11,000  years  ago,  and  Flinders  Is.  from 
Tasmania  about  10,000  years  ago.  The  present  coastal  configuration  developed 
about  6,000  years  ago  with  the  stabilizing  of  the  world  sea  level.  These  estimates 
are  based  on  soundings  of  Bass  Strait  (Jennings  1959a),  and  on  the  dating  of 
post-glacial  changes  in  sea  level  by  Godwin  et  al.  (1958). 

Description  of  the  Islands 

FLINDERS  ISLAND 

Physical  Features:  This  island  is  situated  off  the  NE.  corner  of  Tasmania, 
about  90  miles  SE.  of  Wilson’s  Promontory  in  Victoria.  It  lies  across  longitude 
148  °E.  and  latitude  40°S.,  is  approximately  40  miles  long  by  24  miles  wide,  and 
has  an  area  of  about  513  square  miles.  The  general  relief  of  the  island  may  be 
described  as  a  central  spine  of  granite  running  from  NE.  to  SW.  and  reaching  its 
highest  point  in  the  southern  Strzelecki  Peaks  (2,250'),  with  broad  E.  and  narrow 
W.  coastal  plains.  A  full  description  is  given  by  Dimmock  (1957). 

Climate:  The  climate  has  been  analysed  in  some  detail  by  the  Bureau  of 
Meteorology  (no  date).  It  was  also  discussed  by  Dimmock  (1957)  and  by  Guiler, 

247 


248 


M.  J.  LITTLEJOHN  &  A.  A.  MARTIN 

Serventy,  &  Willis  (1958).  Since  no  temperature  and  humidity  records  were  avail¬ 
able  for  the  island,  data  from  Currie,  King  Is.,  and  Eddystone  Point,  NE.  Tas¬ 
mania  were  used  by  these  authors  to  give  an  indication  of  climatic  conditions  on 
Flinders  Is. 

The  island  experiences  a  mild  maritime  climate.  Much  of  the  rainfall,  which 
ranges  from  26-35"  in  different  parts,  is  orographic  and  has  a  winter  maximum 
(June-August).  However,  all  months  receive  reasonable  amounts  over  an  average 
of  111  rain  days  (days  on  which  falls  of  one  point  or  more  were  recorded).  The 
Strzelecki  Peaks  are  the  wettest,  receiving  an  estimated  maximum  of  34".  Other 
high  areas  receive  30-31",  while  most  of  the  coastal  plain  areas  receive  29-31". 
Goose  Is.,  17  miles  SW.  of  Whitemark,  receives  an  annual  rainfall  of  only  21" 
and  serves  to  indicate  the  orographic  nature  of  the  rainfall  on  the  larger  island 
(Bureau  of  Meteorology,  no  date). 

Vegetation:  The  dominant  floral  components  of  the  island,  and  their  distri¬ 
bution,  were  discussed  by  Dimmock  (1957).  In  general  terms,  the  vegetation 
consists  of  low,  scrubby  heathland  with  tea-tree  thickets.  The  foothills  and  valleys 
of  the  Strzelecki  Peaks  carry  scattered  tall  eucalypts  ( Eucalyptus  tenuiramus).  A 
sclerophyll  forest  develops,  where  the  soil  permits  it,  in  the  higher  parts  of  the 
island,  e.g.  Pat’s  R.  area.  Whi le  much  of  the  vegetation  has  been  modified  through 
excessive  burning  and  clearing,  the  original  overall  pattern  is  still  evident. 

KING  ISLAND 

Physical  Features:  King  Is.  is  located  roughly  half-way  between  the  NW. 
corner  of  Tasmania  and  Cape  Otway  on  the  coast  of  Victoria.  The  island  lies  along 
longitude  144°E.  and  across  latitude  40°S.,  being  approximately  40  miles  long, 
16  miles  wide,  and  having  an  area  of  about  425  square  miles.  In  essence,  the  island 
may  be  described  as  an  inclined  plateau  of  subdued  relief,  surrounded  by  a  rim  of 
sand  dunes.  The  highest  part  of  the  plateau  rises  to  550'  in  the  SE.,  between 
Mt  Stanley  (500/)  and  Naracoopa.  Further  details  of  the  physical  features  are 
given  by  Stephens  &  Hosking  (1932)  and  by  Jennings  (1959b). 

Climate:  A  brief  account  was  given  by  Stephens  &  Hosking  (1932).  Relatively 
complete  meteorological  data  are  available  for  one  station,  Currie  (Bureau  of 
Meteorology  1956),  and  rainfall  figures  for  a  number  of  stations  (Nicholls  &  Aves 
1961).  The  climate  of  King  Is.  is  basically  similar  to  that  of  Flinders  Is.,  but  some 
possibly  significant  differences  exist.  The  annual  average  rainfall  is  higher,  ranging 
from  about  27"  in  the  N.  to  42"  in  the  SE.  More  than  three-quarters  of  the 
island  receives  an  annual  rainfall  in  excess  of  34",  an  amount  received  by  only  a 
very  small  area  of  Flinders  Is.  The  other  difference  is  seen  in  the  number  of  rain 
days  per  year  which  averages  212  at  Currie,  as  against  1 1 1  at  Whitemark,  Flinders 
Is.  (Bureau  of  Meteorology  1954). 

Vegetation:  Much  of  the  island  has  been  cleared  and  repeatedly  burnt  so  that 
the  original  pattern  of  vegetation  is  now  greatly  modified,  more  so  than  on  Flinders 
Is.  The  wetter  parts  of  the  SE.  were  once  covered  by  a  tall  sclerophyll  forest 
(Eucalyptus  viminalis ),  the  stumps  of  which  are  still  visible  today.  There  are  also 
records  of  the  Celery-top  Pine  ( Phyllocladus  aspleniifolius )  growing  on  the  island 
during  the  early  part  of  the  19th  century  (Jennings  1959b).  Logs  and  stumps  of 
this  species  were  found  as  late  as  ‘a  few  years  ago’  near  Yarra  Ck.  Celery-top  Pine 
is  at  present  restricted  to  Tasmania.  Fossil  pollen  of  P.  aspleniifolius ,  Nothofagus 
cunninghamii  (Southern  Beech),  and  Drimys  lanceolata  (Mountain  Pepper)  has 
been  collected  from  a  deltaic  deposit  in  the  City  of  Melbourne  Bay,  near  Yarra  Ck 
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Fig.  1 — Locality  map  of  Flinders  Is.  The  inset  shows  the  position  of  Flinders  and 

King  Is.  in  Bass  Strait. 
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Fig.  2 — Locality  map  of  King  Is. 
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(Jennings  1959b).  The  latter  two  species  exist  today  in  mainland  and  Tasmanian 
temperate  rainforests,  but  there  is  no  record  of  them  living  on  King  Is.  during 
historic  times.  The  deeper  valleys  of  the  Y arra  Ck  still  carry  traces  of  the  temperate 
rainforest,  including  treeferns  (Jennings  1959b). 

A  general  description  of  the  flora  was  given  by  Spencer  (1888) — before  the 
drastic  modification — and  more  recently  by  Stephens  &  Hosking  (1932).  The 
remaining  uncleared  portions  of  the  island  are  covered  in  low  scrubby  coastal 
vegetation  and  tea-tree  thickets. 

Amphibian  Fauna 

The  islands  were  visited  twice  each  (Flinders  Is.  in  October  1962  and  February 
1964,  and  King  Is.  in  November  1963  and  March  1964)  during  the  breeding 
seasons  of  all  the  species  present.  No  cryptic  (sibling)  species  were  found  and  the 
identity  of  those  forms  which  belong  in  species  complexes  was  determined  from 
their  breeding  biology,  particularly  mating  call  structure,  as  well  as  morphology. 

The  island  populations  do  not  appear  to  have  diverged  to  any  extent  in  their 
morphology  when  compared  with  adjacent  mainland  and  Tasmanian  samples.  The 
mating  call  structure  of  two  species,  Crinia  signifera  and  Hyla  ewingi,  has  been 
examined  in  detail  (Littlejohn  1964,  1965)  and  some  differences  are  present.  The 
calls  of  the  other  species  have  not  yet  been  subjected  to  critical  comparison,  but 
they  seem  very  similar  to  the  mainland  and  Tasmanian  representatives. 

All  localities  are  given  with  reference  to  towns  or  major  physical  features.  These 
are  shown  in  Fig.  1,  2.  For  each  species,  the  list  of  voice  records  includes  only 
localities  additional  to  those  where  specimens  were  collected. 

FLINDERS  ISLAND 
Hylidae 

Hyla  aurea  raniformis  (Lesson) 

Specimens  Examined:  6  miles  NW.  of  Lady  Barron,  2  9,  6  d,  1  juv. 

Voice  Records:  7  miles  SE.  of  Whitemark;  4  miles  NE.  of  Lady  Barron. 

Field  Observations:  In  full  chorus  on  the  nights  of  26-27.X.62  and  29.X.62, 
and  many  more  were  seen  than  were  collected.  Frogs  were  calling  while  floating 
in  open  water  at  water  temperatures  of  14  0-15  0°C. 

Hyla  ewingi  Dumeril  &  Bibron 

Specimens  Examined:  6  miles  NNE.  of  Whitemark,  1  d;  The  Dutchman,  4  9, 

5  cf,  2  hgr.;  2  miles  E.  of  The  Dutchman,  9  9;  7  miles  SE.  of  Whitemark,  19  d; 

6  miles  NW.  of  Lady  Barron,  4  9,  15  d,  2  juv.;  Loccota,  2  9,  9  d;  Lady  Barron, 
1  d;  Big  Dog  Is.  (3  miles  S.  of  Lady  Barron),  2  9. 

Voice  Records:  5  miles  SE.  of  Whitemark;  3  miles  NW.  of  Lady  Barron. 

Field  Observations:  Choruses  were  heard  during  the  evenings  of  25-29.X.62 
and  22-25.11.64.  Four  mating  pairs  were  collected  on  30.X.62.  The  mating  call 
structure  is  similar  to  that  of  Tasmanian  H.  ewingi  (Littlejohn  1965).  Males  called 
from  the  banks  of  ponds,  or  in  adjacent  vegetation  up  to  18"  above  the  ground. 
Calling  temperatures  (air,  wet  bulb)  were  between  9  0  and  10  5°C. 

Leptodactylidae 

Crinia  signifera  Girard 

Specimens  Examined:  4  miles  SE.  of  Killiecrankie  Bay,  tadpoles;  8  miles 
NNW.  of  Whitemark,  3  9,  1  d\  6  miles  NNE.  of  Whitemark,  2  9,  18  d\  3  miles 
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NE.  of  Whitemark,  3  9;  The  Dutchman,  2  9,  4  <?,  1  juv.;  6  miles  NW.  of  Lady 
Barron,  22  d. 

Voice  Records:  Palana;  Whitemark;  5  miles  SE.  of  Whitemark;  Loccota; 

4  miles  NNE.  of  Lady  Barron;  5  miles  W.  of  Lady  Barron;  Lady  Barron. 

Field  Observations:  In  chorus  on  the  nights  of  25-30.X.62,  and  also  calling 
during  the  period  23-25.11.64.  Males  were  calling  from  the  grassy  banks  of  shallow 
ponds  and  creeks,  and  wet  bulb  air  temperatures  at  the  calling  sites  ranged  from 
10  25  to  11*5°C. 

Limnodynastes  dorsalis  (Gray) 

Specimens  Examined:  4  miles  SE.  of  Killiecrankie  Bay,  tadpoles;  2  miles  E. 
of  The  Dutchman,  7  hgr.;  7  miles  SE.  of  Whitemark,  1  9,  1  d;  6  miles  NW.  of  Lady 
Barron,  9  d. 

Voice  Records:  6  miles  N.  of  Whitemark;  Whitemark;  5  miles  SE.  of  White- 
mark;  4  miles  NE.  of  Lady  Barron. 

Field  Observations:  In  chorus  on  25-29.X.62  and  also  calling  on  23-26.11.64. 
Males  were  calling  from  the  cover  of  emergent  vegetation  in  ponds  and  a  flooded 
field  at  water  temperatures  of  14  0-15  0°C.  The  specimens  show  close  morpho¬ 
logical  similarity  to  those  from  E.  coastal  Victoria  and  Tasmania,  and  may  be 
classified  as  L.  dorsalis  insularis  (as  defined  by  Parker  1940). 

Limnodynastes  tasmaniensis  Gunther 

Specimens  Examined:  The  Dutchman,  2  9,  4  hgr.;  2  miles  E.  of  The  Dutch¬ 
man,  7  9,  2  hgr.;  6  miles  NW.  of  Lady  Barron,  7  d;  Loccota,  3  9,  2  d. 

Voice  Records:  Whitemark;  3  miles  NE.  of  Lady  Barron;  Lady  Barron. 
Field  Observations:  In  chorus  on  25-30.X.62,  and  also  heard  on  26.11.64. 
The  call  is  a  single  pulse  or  ‘click’,  characteristic  of  this  species  in  S.  Victoria  and 
Tasmania  (Littlejohn  &  Martin  1965).  Males  were  calling  while  floating  in  open 
water  in  a  shallow  pond  at  water  temperatures  of  14  0-15  0°C. 

Pseudophryne  semimarmorata  Lucas 

Specimens  Examined:  8  miles  N.  of  Whitemark,  2  9,  1  c?;  3  miles  NE.  of 
Whitemark,  2  9;  The  Dutchman,  6  9,  17  <?;  2  miles  E.  of  The  Dutchman,  1  <$• 

5  miles  SE.  of  Whitemark,  2  9;  7  miles  SE.  of  Whitemark,  1  9,  1  hgr.;  Loccota, 

1  9,  1 1  d;  5  miles  W.  of  Lady  Barron,  1  d;  4  miles  NNE.  of  Lady  Barron,  1  juv. 

Voice  Records:  No  additional  localities. 

Field  Observations:  In  chorus  during  the  period  22-26.11.64.  When  alive, 
specimens  carried  the  orange  ventral  patches  typical  of  P.  semimarmorata.  Mr  P. 
A.  Rawlinson  noted  that  males  were  calling  in  a  shallow  depression  on  land,  from 
the  cover  of  grass  tussocks.  A  metamorphosing  individual  was  collected  on 
30.X.62. 

Literature  Records 

MacKay  (1955)  collected  specimens  which  he  identified  as  Hyla  jervisiensis 
Dumeril  &  Bibron  and  Crinia  tasmaniensis  (Giinther).  We  are  familiar  with  the 
mating  calls  and  morphology  of  these  species  and  collected  intensively  in  the  area 
from  which  his  specimens  came  (8  miles  NW.  of  Lady  Barron).  No  indication  of 
the  presence  of  these  species  was  found.  Since  both  species  have  close  relatives  on 
the  island  ( Hyla  ewingi  and  Crinia  signifera ),  we  suggest  that  they  are  the  species 
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collected  by  MacKay,  and  that  his  identifications  were  incorrect.  Moore  (1961) 
listed  specimens  of  H.  ewingi  and  L.  dorsalis  from  Flinders  Is.  Littlejohn  (1964) 
recorded  the  presence  of  Hyla  ewingi ,  Crinia  signifera ,  Limnodynastes  dorsalis , 
and  L.  tasmaniensis  on  Flinders  Is. 

KING  ISLAND 
Hylidae 

Hyla  aurea  raniformis  (Lesson) 

Specimens  Examined:  4  miles  E.  of  Pegarah,  2  cf;  Pearshape,  1  juv. 

Voice  Records:  5  miles  NNW.  of  Naracoopa;  10  miles  E.  of  Currie;  4  miles 
SE.  of  Currie;  3  miles  W.  of  Grassy. 

Field  Observations:  A  few  individuals  were  calling  on  the  evenings  of 
8-11.XI.63,  and  a  chorus  was  heard  by  day  on  10.XI.63.  Males  called  while 
floating  in  open  water  at  water  temperatures  of  110-14  0°C. 

Hyla  ewingi  Dumeril  &  Bibron 

Specimens  Examined:  10  miles  E.  of  Currie,  2  juv.;  4  miles  E.  of  Pegarah, 

3  $,  14  cf,  1  juv.;  5  miles  SSE.  of  Currie,  8  c f;  Pearshape,  1  ?. 

Voice  Records:  Naracoopa;  4  miles  SE.  of  Currie;  2  miles  NNW.  of  Pear¬ 
shape;  Surprise  Bay. 

Field  Observations:  In  light  chorus  on  the  evenings  of  8-11.XI.63  and 
23-24.HL64.  Males  were  calling  from  grassy  banks  of  ponds  at  wet  bulb  air 
temperatures  of  7  0  and  10  0°C. 

The  morphology  and  call  structure  are  similar  to  those  of  Tasmanian  H. 
ewingi  (Littlejohn  1965). 

Leptodactylidae 
Crinia  Iaevis  Giinther 

Specimens  Examined:  4  miles  E.  of  Pegarah,  5<?;3  miles  N.  of  Yarra  Ck, 
1  $;  3  miles  E.  of  Lymwood,  7  cf. 

Voice  Records:  5  miles  NE.  of  Currie;  3  miles  NW.  of  Naracoopa;  2  miles 
NE.  of  Pegarah;  Naracoopa;  4  miles  SE.  of  Currie;  2  miles  NW.  of  Yarra  Ck; 
Yarra  Ck;  1  mile  N.  of  Lymwood;  4  miles  NW.  of  Grassy. 

Field  Observations:  This  species  appears  to  be  restricted  to  the  central  and 
SE.  parts  of  the  island.  Choruses  were  heard  by  night  and  day  during  23-25.III.64. 
Males  were  calling  from  tussocks  near  the  edges  of  ponds  and  creeks,  and  wet 
bulb  air  temperatures  taken  at  the  sites  of  calling  males  were  6  0-7  0°C.  A  single 
egg  mass  was  collected  3  miles  E.  of  Lymwood  on  24.III.64. 

The  call  structure  and  morphology  are  similar  to  those  of  Tasmanian  popula¬ 
tions  of  this  species.  Crinia  Iaevis ,  while  morphologically  similar  to  C.  victoriana 
Boulenger,  nevertheless,  is  readily  identified  on  the  basis  of  the  mating  call  (Little¬ 
john  &  Martin  1964). 

Crinia  signifera  Girard 

Specimens  Examined:  4  miles  E.  of  Egg  Lagoon,  1  juv.;  7  miles  NNW.  of 
Naracoopa,  1  $;  4  miles  E.  of  Pegarah,  6  2  miles  NNW.  of  Pearshape,  1  cf; 

Surprise  Bay,  1  cf. 

Voice  Records:  Currie;  3  miles  E.  of  Currie;  10  miles  E.  of  Currie;  Naracoopa; 

4  miles  SE.  of  Currie;  3  miles  N.  of  Yarra  Ck;  3  miles  NW.  of  Lymwood;  Yarra  Ck; 
Grassy;  Pearshape. 
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Field  Observations:  In  chorus  on  the  evenings  of  8-1 1.XI.63,  and  a  few  were 
calling  on  23-24.III.64.  Males  were  calling  from  the  banks  of  shallow  ponds,  near 
the  water’s  edge.  Wet  bulb  air  temperatures  of  3  0,  8  0,  10  0  and  12  0°C  were 
taken  at  these  sites  when  the  frogs  were  calling. 

Limnodynastes  dorsalis  (Gray) 

Specimens  Examined:  Pegarah,  1  <S;  4  miles  SE.  of  Currie,  1  <?;  5  miles  SE. 
of  Currie,  6  c?. 

Voice  Records:  Currie;  10  miles  E.  of  Currie;  Pearshape. 

Field  Observations:  Calling  during  8-11.XI.63,  usually  from  the  cover  of 
emergent  vegetation  in  the  water  at  water  temperatures  of  110  and  14  0°C.  One 
male  was  calling  from  a  shallow  depression  on  the  bank  where  the  wet  bulb  air 
temperature  was  8  0°C. 

Morphologically,  the  specimens  resemble  those  from  SW.  Victoria  and  SE. 
South  Australia.  These  differ  in  back  pattern  from  the  typical  L.  dorsalis  insularis 
of  E.  Victoria,  Flinders  Is.,  and  Tasmania  (Fry  1913,  Martin  unpublished). 

Limnodynastes  peroni  (Dumeril  &  Bibron) 

Specimens  Examined:  2  miles  NNW.  of  Pearshape,  1  c?;  Pearshape,  2  <?, 
2  juv. 

Voice  Record:  Surprise  Bay. 

Field  Observations  :  This  species  is  apparently  restricted  to  the  extreme  SW. 
comer  of  the  island.  Calls  were  heard  during  the  period  8-11.XI.63.  Males  were 
calling  from  the  cover  of  emergent  vegetation,  and  the  water  temperature  at  one 
site,  a  shallow  pond,  was  14  0°C. 

Three  egg  masses  of  this  species  were  seen.  These  consisted  of  unpigmented 
eggs  in  foamy  masses,  as  is  typical  of  the  species  in  S.  Victoria  (Littlejohn  1963). 
In°NE.  Victoria  and  E.  New  South  Wales,  L.  peroni  lays  pigmented  eggs  (Moore 
1961,  PI.  36,  fig.  3;  and  our  unpublished  observations). 

Literature  Records 

Spencer  (1888)  recorded  the  presence  of  Hyla  aurea  (as  Ranoidea  aurea), 
Limnodynastes  tasmaniensis,  and  Hyla  sp.,  tree  frog,  on  King  Is.  Our  collections 
confirm  the  presence  of  H.  aurea,  and  we  suggest  that  the  tree  frog  is  Hyla  ewingi. 
We  found  no  indication  of  the  presence  of  L.  tasmaniensis,  and  conclude  that 
Spencer  may  have  misidentified  a  young  specimen  of  L.  peroni. 

Keble  (1946)  listed  H.  aurea  and  L.  peroni  as  occurring  on  King  Is.  Littlejohn 
(1965)  described  the  call  structure  of  H.  ewingi  from  King  Is. 

Discussion 

Eleven  species  of  anurans  occur  in  W.  coastal  and  central  coastal  Victoria 
(Littlejohn  1963;  Littlejohn  &  Martin  1964,  1965)  and  eight  of  these  are  shared 
with  Tasmania  and  the  Bass  Strait  islands  (Table  1).  Nine  other  taxa  occur  in  the 
coastal  areas  of  Gippsland  (Table  2),  but  they  are  believed  to  be  post-glacial 
intrusives  from  E.  New  South  Wales,  and  were  almost  certainly  not  present  when 
the  land  bridge  was  available.  Hence,  they  will  not  be  considered  in  subsequent 
discussion.  Two  of  the  species  listed  in  Table  1,  Neobatrachus  pictus  Peters  and 
Pseudophryne  bibroni  GUnther,  may  also  be  post-glacial  intrusives,  from  the  drier 
areas  to  the  N.  and  W. 
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Table  1 

Summary  of  anuran  distribution  in  the  Bass  Strait  area 


Species 

Central 
Coastal  & 
W.  Coastal 
Victoria 

Flinders 

Is. 

King 

Is. 

Tasmania 

Crinia  victoriana . 

+ 

. — 

— 

— 

Neobatrachus  pictus . 

+ 

— 

— 

— 

Pseudophryne  bibroni  .  .  . 

+ 

— 

— 

— 

P.  semimarmorata . 

+ 

+ 

■ — 

+ 

Limnodynastes  tasmaniensis . 

+ 

+ 

— 

+ 

L.  peroni . 

+ 

— 

+ 

+ 

Crinia  laevis  .  . . 

+ 

— 

+ 

+ 

C.  signifera . 

+ 

+ 

+ 

+ 

Limnodynastes  dorsalis . 

+ 

+ 

+ 

+ 

Hyla  ewingi  . 

+ 

+ 

+ 

+ 

H.  aurea  raniformis .  . .  .  . 

+ 

+ 

+ 

+ 

H.  burrowsi . 

— 

— 

— 

+ 

Crinia  tasmaniensis . 

— 

• — 

■ — 

+ 

Totals . 

11 

6 

6 

10 

Table  2 

Anuran  species  occurring  in  Gippsland  and  S.  central  Victoria  (Moore  1961, 
Littlejohn,  Martin  &  Rawlinson  1963)  which  are  believed  to  be  post-glacial 
intrusives  from  E.  New  South  Wales. 

Hyla  aurea  aurea  (Lesson) 

//.  jervisiensis  Dumeril  &  Bibron 
H.  lesueuri  Dumeril  &  Bibron 
H.  peroni  (Tschudi) 

H.  phyllochroa  Gunther 
H.  verreauxi  Dumeril 
Crinia  haswelli  Fletcher 
Pseudophryne  dendyi  Lucas 
Uperoleia  marmorata  Gray 


As  we  presently  know  it,  the  anuran  fauna  of  Tasmania  consists  of  ten  species 
(Table  1),  two  of  which,  Hyla  burrowsi  Scott  and  Crinia  tasmaniensis  Gunther,  are 
endemic  to  that  island.  Moore  (1961)  lists  eleven  species  of  anurans  in  Tasmania, 
but  he  has  included  the  literature  records  for  P.  bibroni.  We  have  had  no  difficulty 
in  identifying  living  specimens  of  P.  semimarmorata  and  intensive  collecting  in 
Tasmania  has  resulted  in  the  procuring  of  this  species  only.  We  conclude,  therefore, 
that  P.  bibroni  is  absent  from  Tasmania  and  that  the  previous  records  of  P.  bibroni 
have  referred  to  specimens  of  P.  semimarmorata. 

Flinders  Is.  and  King  Is.  each  have  six  species  of  anurans,  of  which  four  are 
common  to  both  islands,  adjacent  Victoria  and  Tasmania,  two  to  Flinders  Is., 
Victoria,  and  Tasmania;  and  two  to  King  Is.,  Victoria,  and  Tasmania  (Table  1). 
Thus,  all  eight  species  common  to  Victoria  and  Tasmania  are  found  on  one  or  other 
of  these  two  Bass  Strait  islands. 

From  our  knowledge  of  the  ecology  of  these  species,  we  may  suggest  that  the 
difference  in  faunal  composition  between  the  islands  reflects  that  the  W.  side  of 
the  land  bridge  was  much  wetter  than  the  E.  side  at  the  time  the  complete  corridor 
was  available.  This  suggestion  is  supported  by  the  present  climatic  differences, 
botanical  evidence  (Jennings  1959b),  and  middle  latitude  climatic  changes  during 
glacial  times  (Keble  1947,  Schwarzbach  1963,  Flint  1962). 
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DISTRIBUTION  AND  GENETIC  SIGNIFICANCE  OF  ALUMINIUM 
HYDRATES  IN  SOUTH-EAST  JOHORE,  MALAYA 

By  P.  L.  C.  Grubb 

CSIRO  Mineragraphic  Investigations,  Melbourne 

Abstract 

All  three  aluminium  hydrate  minerals — gibbsite,  boehmite,  and  diaspore — are  to  be  found 
in  the  laterites  and  bauxites  of  SE.  Johore.  However,  two  of  these,  gibbsite  and  boehmite,  are 
confined  to  Recent  bauxite,  whereas  diaspore  occurs  only  in  Tertiary  laterites. 

In  contrast  to  the  characteristically  tough  indurated  diaspore-pyrophyllite-kaolinite-quartz 
Tertiary  laterites,  the  Recent  Johore  bauxites  constitute  characteristically  earthy  red  residual 
horizons  flanked  by  some  reworked  colluvial  horizons.  Examination  of  the  ‘clay*  and 
concretionary  fractions  of  the  Recent  bauxites  shows  that  whereas  the  concretionary  fractions 
are  mainly  constituted  of  gibbsite,  the  ‘clay’  fraction  comprises  kaolinite,  boehmite,  gibbsite, 
halloysite,  and  goethite.  This  differential  segregation  of  gibbsite  and  boehmite  in  clay  and 
concretionary  fractions  respectively  is  also  found  to  pertain  in  some  Australian  deposits — 
notably  at  Weipa,  Gove,  and  in  the  Darling  Ranges.  Furthermore,  the  proportional  increase 
in  boehmite  relative  to  gibbsite  with  depth  is  also  shared  in  earthy  bauxite  horizons  of 
Gippsland,  the  Darling  Ranges  and,  to  a  lesser  extent,  at  Gove. 

In  accordance  with  some  experimental  work  but  in  direct  contradiction  to  the  majority 
of  field  interpretations,  it  is  considered  that  probably  the  earliest  aluminium  hydrate  to  form 
was  boehmite  and  that,  with  increasing  maturity,  this  was  progressively  replaced  by  gibbsite, 
although  some  boehmite  may  form  together  with  kaolinite  under  extreme  desiccation  of  a 
gibbsitic  bauxite  horizon.  Diaspore,  on  the  other  hand,  appears  to  be  an  exclusively  late-stage 
aluminium  hydrate  and  is  here  essentially  metamorphic  in  origin. 

Introduction 

The  Johore  bauxite  deposits,  situated  on  the  south-eastern  tip  of  the  Malayan 
peninsula,  are  both  residual  in  nature  and  Quaternary  in  age.  But  in  contrast  to 
their  abundance  in  Australia,  Tertiary  laterites  are  represented  only  by  a  few 
relict  cappings  of  diaspore-bearing  rocks  on  Bukits  Pengerang,  Batu  Mas,  and 
China;  these  in  turn  being  overlain  by  derived  Quaternary  bauxites. 

Within  the  upper  levels  of  the  recent  bauxite  horizons  (Grubb  1962,  1963) 
the  ore  becomes  coarsely  concretionary  with  incipient  formation  of  the  Australian- 
type  duricrust  or  hard-cap.  Large  irregular  limonitic  concretions  occur  throughout 
these  sections  and  frequently  account  for  a  considerable  downgrading  of  the  ore. 
Furthermore,  derived  colluvial  bauxite  horizons  are  distributed  widely  over  the 
flat  southern  plain  flanking  these  deposits  but,  being  essentially  composed  of 
gibbsite  and  kaolinite,  are  of  little  mineralogical  interest. 

The  predominant  earthy  red  residual  bauxite  comprises  concretionary  and  clay 
fractions  in  varying  proportions.  The  concretionary  bodies  range  in  size  from  less 
than  1  mm  to  over  two  metres  in  width.  In  shape  also  they  include  oolites,  irregular 
nodules  and  concretions,  shale-like  forms,  and  ‘stick’  bauxite  (PI.  30b).  However, 
the  typical  zoned  pisolites  of  Australian  bauxites  are  entirely  lacking  in  Malaya. 

Microscopy 

Owing  to  their  predominantly  cryptocrystalline  texture,  microscopic  examination 
of  Recent  Johore  bauxites  is  of  limited  value,  although  some  very  weak  zoning  in 
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concretions  may  occasionally  be  seen  together  with  relict  textures  of  the  bauxitized 
rhyolites,  granophyres,  and  granites.  On  the  other  hand,  due  to  their  more  indurated 
nature,  thin  sections  are  readily  obtained  from  the  Tertiary  diaspore  laterites.  In 
these,  diaspore  is  conspicuously  porphyroblastic  with  sub-  to  euhedral  crystals  up 
to  0-7  mm  long  enclosed  in  a  fine-grained  matrix  of  pyrophyllite,  kaolinite,  and 
quartz  (PI.  30a).  Accessory  constituents  include  magnetite,  cassiterite,  and  allanite. 
In  the  most  siliceous  laterites  diaspore  is  generally  separated  from  the  predominant 
quartzose  matrix  by  a  thin  envelope  of  pyrophyllite.  Sometimes,  too,  both  diaspore 
and  pyrophyllite  may  be  observed  lining  what  appear  to  be  minute  drusy  cavities. 

Polished  surfaces  from  the  large  limonitic  concretions  associated  with  the  earthy 
Quaternary  bauxites  reveal  a  conspicuous  colloform  texture  with  successive  bands 
enclosing  porous  cavities,  gibbsitic  patches,  or  relict  quartz  grains.  The  predominant 
mineral  present  is  poorly  crystalline  goethite,  this  being  almost  amorphous  in 
character  adjacent  to  the  cavities.  Scattered  throughout,  however,  are  small  anhedral 
steelish-grey  maghemite  crystals  together  with  some  yellowish-grey  manganiferous 
magnetite.  Although  X-ray  diffraction  patterns  indicate  the  presence  of  some 
lepidocrocite,  this  was  not  positively  identified  microscopically. 


Table  1 

A.  Chemical  analyses  of  concretionary  and  clay  fractions  from  bauxites  in  SE.  Johore 


1 

2 

3 

4 

5 

7 

8 

Loss 

on  ignition 

20  00 

30  80 

22-87 

29  67 

31-60 

33-30 

13-45 

13  20 

Si02 

22-20 

5-20 

25-68 

7-52 

6-76 

191 

3-25 

2-42 

Fe203 

11*60 

3-64 

11-52 

4-56 

3-25 

2-54 

53  40 

59  65 

TiOa 

0  40 

0  20 

102 

0-49 

0-30 

0-30 

0  60 

0-80 

Al*Oa 

46-80 

60  70 

38  91 

57-76 

57-80 

62  30 

30-60 

23-75 

MnO 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

0-18 

Total 

101-00 

100-54 

100-00 

100  00 

99-71 

100-45 

101-30 

100  00 

Analysts:  T.  H.  Donnelly  &  N.  Philip 


B.  Estimated  approximate  modal  analyses  based  on  X-ray 
diffraction,  infrared  absorption,  and  thermogravimetric 
analyses  plus  computations  based  on  chemical  analyses 


1 

2 

Quartz 

9-5 

nil 

Opaline  silica  (Si02H20) 

6  8 

2-4 

Gibbsite  (crystalline) 

28-0 

44-0 

Gibbsite  (amorphous) 

5-0 

38  0 

Boehmite  (amorphous) 

22-0 

8  0 

Goethite  (crystalline  &  amorphous) 

13-0 

4  0 

Kaolinite  (crystalline) 

16  0 

7  0 

Anatase  (amorphous) 

0-4 

0-2 

Total 

100  70 

103-6 

1  — 300  mesh  (B.S.S.)  clay  fraction  from  the  earthy  red  bauxite  of  Bukit  Tanah  Merah. 

2  Nodular  i"  to  I"  fraction  of  the  earthy  red  bauxite  (/). 

3  — 300  mesh  (B.S.S.)  clay  fraction  from  the  earthy  red  bauxite  of  Bukit  Simon. 

4  Concretionary  fraction  from  the  same  sample  as  (3). 

5  Shaly  1"  to  i"  fraction  from  the  earthy  red  bauxite  of  Bukit  Tanah  Merah. 
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6  Coarse  +1"  concretion  from  the  earthy  red  bauxite  of  Bukit  Tanah  Merah. 

7  Black  limonitic  layer  concretion  from  the  earthy  red  bauxite  of  Bukit  Tanah  Merah. 

8  Black  limonitic  concretion  from  the  earthy  red  bauxite  of  Bukit  Simon. 

X-ray  diffraction 

Qualitative  and  quantitative  X-ray  diffraction  analyses  of  composite  earthy 
bauxite  samples  from  two  localities  (Bukits  Tanah  Merah  &  Simon)  in  south-east 
Johore  show  that,  whereas  in  exceptional  conditions  up  to  11%  boehmite  may 
occur  in  the  concretionary  fraction,  this  constituent  is  almost  exclusively  confined 
to  the  fine  clay  fraction.  Approximate  modal  analyses  of  these  two  fractions,  as 
determined  by  combined  X-ray  diffraction-,  infrared-,  chemical-,  and  thermogravi- 
metric  analyses,  are  shown  in  Table  1. 

Apart  from  some  possible  residual  forms  in  the  Pengerang  area,  diaspore  has 
not  been  detected  in  any  of  the  Quaternary  bauxites  of  Johore.  Yet,  in  the  Tertiary 
laterites  on  Bukits  Batu  Mas  and  Pengerang,  it  forms  conspicuous  sub-  to  euhedral 
crystals  up  to  2  mm  long  embedded  in  a  finer  matrix  of  quartz  pyrophyllite  and 
kaolinite.  The  X-ray  diffraction  data,  unit  cell  parameters,  and  optical  properties  of 
this  diaspore  are  listed  in  Table  2. 

Table  2 

A.  X-ray  diffraction  data  for  diaspore  from  SE.  Johore 


hkl 

d  A  ( meas .) 

d  A  (calc.) 

/ 

020 

4-72 

4-70 

10 

110 

3-98 

3-98 

100 

120 

3*213 

3-209 

10 

130 

2*551 

2-551 

40 

021 

2-419 

2-431 

5 

040 

2-348 

2-351 

10 

111 

2-312 

2-311 

60 

121 

2-124 

2-126 

50 

140 

2-071 

2-073 

50 

131 

1-895 

1-898 

2 

041 

1-810 

1-811 

5 

211 

1-708 

1  708 

20 

221 

1-628 

1-629 

50 

240 

1  603 

1-604 

20 

060 

1-566 

1-568 

5 

231 

1-517 

1-521 

10 

160,  151 

1-475 

1-476 

25 

250 

1-427 

1-428 

10 

002 

1-417 

1-419 

15 

320 

1-394 

1-397 

10 

061 

1-370 

1-370 

20 

112 

1-335 

1-336 

10 

330 

1-324 

1-325 

10 

301 

1-299 

1-300 

5 

311,  170 

1-283 

1-290 

10 

251 

1-273 

1-276 

2 

321 

1-254 

1-253 

7 

340,  132 

1-240 

1-241 

8 

042 

1*215 

1*215 

3 

331 

1-203 

1-202 

6 

142 

1-171 

1-171 

9 

341 

1-138 

1-138 

2 

400 

1-097 

1-097 

1 

410 

1-090 

1-090 

3 

9 
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Calculated  unit  cell  data 
a0  =  4-38  A 
b0  —  9-42  A 
Co  =  2-83  A 
Volume  =  116*7  A3 
a0:  bo  :  Co  =  0*465  :  1  :  0*301 

Fe/Mn  radiation 
Camera  diameter  114*6 

B.  Optical  properties  of  diaspore  from  SE.  Johore 
Refractive  indices:  a  1*696±0  004 
1*708  ±  0*002 
7  1*732  ±0*003 

Optical  axial  angle  (2V)  :  86°  ±1° 

Optic  sign  :  Positive 
7  —  a  :  0  035 

Elongation  :  Positive  or  negative 
Cleavage  :  Perfect  parallel  to  (010) 


(*)  (B) 

Wavelength  Microns 


FIG.  |  —  INFRARED  ABSORPTION  SPECTRA  OF  BAUXITE  FROM  S  E.  JOHORE. 
(A)  300  mesh  (B.S.S.)  clayey  fraction.  (B)  1  1  nodular  concretionary  fraction, 

sample  air  dried  only.  sample  heated  at  160*0  for  24  hours. 

Infrared  absorption  spectra 

Although,  in  both  the  concretionary  and  clay  fractions  of  the  earthy  Quaternary 
bauxite,  infrared  spectra  reveal  strong  absorption  bands  characteristic  of  kaolinite 


ALUMINIUM  HYDRATES  IN  SE.  JOHORE,  MALAYA  261 

and  gibbsite  (with  to  a  lesser  extent  quartz  and  opaline  silica),  yet  only  in  the 
— 300  mesh  (B.S.S.)  clay  fraction  were  any  weak  bands  identifiable  with  boehmite 
detected.  Examination  of  infrared  spectra  (together  with  thermogravimetric  and 
X-ray  diffraction  analyses)  from  these  samples  after  heating  at  160°C  for  24  hours, 
however,  revealed  a  conspicuous  increase  in  boehmite  and  kaolinite  with  a  cor¬ 
responding  decrease  in  the  total  gibbsite  content  (Fig.  1,  2,  3).  From  this  it  is 
assumed  that,  although  some  boehmite  and  kaolinite  may  originate  by  direct 
replacement  of  gibbsite,  much  in  fact  also  formed  by  crystallization  of  the  amorphous 
material — especially  in  the  clay  fraction. 

Thermal  analyses 

In  further  investigations  into  the  clay  and  concretionary  fractions  of  the  earthy 
Quaternary  bauxite,  both  were  subjected  to  differential  thermal  and  thermogravi¬ 
metric  analyses.  The  results  were  again  of  limited  value  for  natural  bauxite  mineral 
associations — even  with  proportional  plots — geothite  being  inseparable  from  gibb¬ 
site,  and  boehmite  from  kaolinite  (Fig.  2,  3).  Nevertheless,  as  the  total  iron 
content  of  these  fractions  is  almost  exclusively  present  in  the  form  of  goethite  (or 
its  gel  form),  these  analyses  are  of  some  use  when  used  in  conjunction  with 
chemical,  X-ray,  and  infrared  techniques. 


NODULAR  FRACTION,  AIR  DRIED. 

NODULAR  FRACTION,  AFTER  24  HOURS  AT  I60*C. 

#\.-300  MESH  (B.S.S)  FRACTION,  AIR  DRIED. 

*^.-300  MESH  (&&*)  FRACTION  AFTER  24  HOURS  AT  I60#C. 

Fig.  2 — Thermogravimetric  analyses  of  nodular  and  — 300  mesh  (B.S.S.) 

‘clay’  fractions  from  a  typical  earthy  SE.  Johore  bauxite  showing  the  effects  of 

preliminary  drying. 
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K  AOLINITE 


BOEHMITE 


GIBBSITE 

Fig.  3 — Thermogravimetric  analyses  of  the  chief  bauxite  mineral  components: 
kaolinite,  boehmite,  and  gibbsite. 

Heavy  mineral  study 

In  order  to  determine  the  insoluble  heavy  mineral  content  of  the  earthy 
Quaternary  bauxites,  and  at  the  same  time  to  confirm  the  absence  of  any  diaspore 
in  these,  50  gm  from  two  such  samples  were  leached  in  warm  sulphuric  acid  and 
the  residue  centrifuged  in  bromoform.  Concentrates  of  only  0  010%  and  0  002% 
were  obtained,  these  containing  variable  amounts  of  tetrahedrite,  zircon,  goethite, 
chalcopyrite,  anatase  (leucoxene),  and  magnetite.  However,  no  diaspore  was 
detected. 

Electron  microscopy  and  diffraction 

Electron  diffraction  patterns  of  film  suspensions  from  the  clay  fraction  of  the 
Johore  Quaternary  bauxites  reveal  that,  whereas  regular  hexagonal  kaolinite 
platelets  form  the  predominant  clay  constituent,  a  little  halloysite  is  also  present 
while,  in  addition,  non-diffracting  amorphous  gel  particles  are  common  (PI.  31). 
Further,  as  in  Darling  Ranges,  earthy  bauxite  horizons,  boehmite  crystallites  are 
seldom  discernible — a  factor  which  would  account  for  its  characteristically  broad 
basal  X-ray  diffraction  peak. 

Chemical  analyses 

Chemical  analyses  of  the  Tertiary  diaspore  laterites  and  fractions  of  the 
Quaternary  bauxites  are  listed  in  Tables  1  &  3.  Little  compositional  similarity 
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exists  between  the  Tertiary  laterites  and  Quaternary  bauxites,  although  the  former 
are  far  closer  to  the  rhyolitic  tuffs  and  lavas  which  form  the  parent  rocks  for  both. 
Furthermore,  in  the  Quaternary  bauxites  there  is  a  general  decrease  in  silica  and 
Fe203  contents  from  the  fine  clay  to  the  coarser  concretionary  fractions  (Table  1). 

Table  3 

Chemical  analyses  of  some  diaspore-pyrophyllite  hornfelses  and  acid  volcanics  from  SE.  Johore 


J 

2 

3 

4 

6 

6 

7 

SiOa 

81-90 

54  20 

77-30 

69-05 

67-75 

45-00 

13-78 

AlaOa 

15  50 

34-75 

12-31 

13-90 

21-30 

32-50 

44-34 

Fe,03 

FeO 

}  0-45 

1-48 

3-77 

7-90 

0-55 

— 

— 

}  17-31 

MgO 

n.d. 

Trace 

119 

0-30 

0  65 

n.d. 

— 

CaO 

n.d. 

0  05 

Trace 

1-20 

0-20 

— 

— 

NaaO 

010 

0-14 

1 

3-25 

n.d. 

n.d. 

— 

k2o 

014 

0-20 

4-18 

3-25 

n.d. 

n.d. 

— 

LiaO 

0  06 

0-08 

1 

n.d. 

n.d. 

n.d. 

— 

HaCT 

HaO- 

215 

nil 

7-93 

nil 

}  2-79 

nil 

nil 

}  8  20 

}  13-50 

23-42 

1  15 

TiOa 

0  45 

0  25 

0-22 

0-37 

0-35 

1-00 

Total 

100-75 

99-08 

100-00 

99-77 

100*00 

100-00 

100-00 

1  Diaspore-pyrophyllite-kaolinite-quartz  hornfels,  Bukit  Pengerang.  Analyst:  T.  H.  Donnelly. 

2  Diaspore-pyrophyllite-kaolinite  hornfels,  Bukit  Batu  Mas.  Analyst:  T.  H.  Donnelly. 

3  Fine  banded  ash-tuff,  Bukit  Panjang  South.  Analyst:  P.  L.  C.  Grubb. 

4  Rhyolite,  Johore.  Municipal  analyst,  Singapore. 

5  Kaolinized  rhyolite,  Johore.  Municipal  analyst,  Singapore. 

6  Average  analysis  of  several  kaolinitic  clays  underlying  bauxites  derived  from  andesite  and 
rhyolite,  Johore.  Municipal  analyst,  Singapore. 

7  Recent  gibbsitic  bauxite  derived  from  Tertiary  diaspore  laterite  on  Bukit  Batu  Mas. 
Government  analyst,  Geological  Survey  H.Q.,  Ipoh. 

Conclusions 

Owing  to  conflicting  sources  of  evidence,  the  precise  origin  and  nature  of  the 
chief  aluminium  hydrate  minerals — gibbsite,  boehmite,  and  diaspore — have  remained 
something  of  a  problem.  The  most  widely  accepted  interpretation  is  that  pre¬ 
liminary  bauxitization  gave  rise  to  predominantly  gibbsitic  products  which,  with 
maturity  and  further  desiccation  of  the  surface  horizons,  were  progressively  replaced 
by  boehmite  (and,  under  certain  peculiar  conditions,  diaspore).  This  hypothesis 
has  been  convincingly  elucidated  for  the  deposits  at  Weipa,  N.  Queensland 
(Loughnan  &  Bayliss  1961),  while,  at  the  same  time,  experimental  confirmation 
of  these  processes  was  obtained  by  Pedro  (1961).  On  this  basis,  too,  it  has  long 
been  assumed  that  bauxite  deposits  may  be  geographically  subdivided  into  gibbsitic-, 
boehmitic-,  and  diasporic-varieties,  with  the  first  confined  essentially  to  warm  and 
moister  equatorial  regions  and  the  diaspore  and  boehmite  varieties  to  higher 
latitudes.  However,  recent  detailed  studies  of  bauxite  profiles  by  the  writer  in 
Gippsland  (Victoria),  the  Darling  Ranges  (Western  Australia),  and  Gove  (North¬ 
ern  Territory)  have  shown  that  some  fundamental  discrepancies  in  this  theory  exist. 
Thus,  although  a  sharp  increase  in  boehmite  content  with  height  in  the  bauxite 
profile  is  sometimes  observed  at  Gove  (N.T.)  and  in  the  Darling  Ranges,  in 
Gippsland  the  predominant  trend  follows  a  steady  decrease. 

As  Australian  bauxite  deposits  are  essentially  Tertiary  in  age,  the  occurrence  of 
all  three  aluminium  hydrate  minerals  in  the  Tertiary  and  Quaternary  deposits  of 
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south-east  Johore,  where  bauxitization  is  also  still  in  progress,  seems  to  be  of  special 
genetic  significance.  Texturally  and  compositionally  the  nearest  counterparts  of  the 
earthy  Johore  Quaternary  bauxites  are  those  of  Gippsland  (Victoria).  Both,  too, 
show  a  preferential  concentration  of  boehmite  in  the  fine  clay  fraction  and  a 
tendency  for  this  constituent  to  increase  relative  to  gibbsite  with  depth.  From  this 
the  writer  considers  that  bauxitization  is  generally  initiated  with  hydrolysis  of 
alumino-silicates  in  the  parent  rock  to  give  complex  gels,  in  which  boehmite  and 
gibbsite  (in  addition  to  goethite  and  opaline  silica)  are  represented,  occurring  in 
almost  equal  parts.  With  ageing  and  a  subsiding  water  table  there  followed  a 
coagulation  of  gel  particles  with  crystallization  of  gibbsite  to  form  typical  con¬ 
cretionary  bodies.  Thus,  a  differential  segregation  of  gibbsite  and  boehmite  in  clay 
and  concretionary  fractions  was  initiated  while,  furthermore,  as  this  process  is 
strictly  dependent  on  a  falling  water-table,  a  proportional  increase  in  boehmite 
content  with  depth  resulted. 

In  Gippsland,  after  a  preliminary  phase  of  bauxitization,  the  land  surface 
appears  to  have  subsided  to  be  subjected  to  swamp  conditions.  With  the  con¬ 
sequent  rapid  rise  in  water  table,  the  replacement  of  boehmite  by  gibbsite  was 
arrested  and  the  status  quo  maintained,  this  apparently  explaining  its  similarity  to 
the  Quaternary  bauxites  of  Johore. 

Lateritic  profiles  showing  secondary  increases  in  boehmite  content  in  their 
surface  horizons  (such  as  at  Weipa  and  Gove),  on  the  other  hand,  appear  to 
derive  in  part  from  increased  desiccation,  this  process  being  assisted  by  the  more 
porous  nature  of  these  horizons  and,  at  the  same  time,  accounting  for  a  correspond¬ 
ing  increase  in  kaolinite.  Alternatively,  or  in  addition,  this  boehmite  increase  could 
be  due  to  a  corresponding  rise  in  carbon  dioxide  content  for,  as  Keith  (1959)  has 
shown  experimentally,  the  transformation  of  boehmite  to  gibbsite  can  be  arrested 
by  saturation  with  carbon  dioxide.  Furthermore,  excess  carbon  dioxide  can  in¬ 
dependently  result  in  a  30%  increase  in  total  evaporation  rate  (Sechrist  1963), 
which  would  clearly  accelerate  desiccation  and,  through  induced  upward  capillary 
flow,  result  in  increased  surface  precipitation  of  iron  hydroxides  in  the  form  of  a 
characteristic  hardcap  or  duricrust  horizon. 

The  paragenesis  of  diaspore  is  less  clear  than  that  of  boehmite  and  gibbsite. 
Although  associated  with  boehmite  in  several  Tertiary  bauxite  deposits  elsewhere, 
no  boehmite  was  detected  in  the  Johore  Tertiary  laterites.  Furthermore,  even  in 
Australian  deposits,  only  one  rather  doubtful  occurrence  of  diaspore  has  been 
reported  (Simpson  1951),  although  both  diaspore  and  boehmite  are  associated  in 
a  kyanite  schist  at  Thackaringa,  N.S.W. 

Although  its  lower  stability  limits  are  275°C  at  2,000  psi  (Ervin  &  Osborn 
1951,  Roy  &  Osborn  1954),  diaspore  often  occurs  as  late  stage  vein  or  cavity 
fillings  (Allen  1952).  Thus,  as  pointed  at  by  these  authors,  a  wide  degree  of 
metastability  exists  between  the  three  aluminium  hydrate  minerals.  Allen  (1952) 
considers  that  their  paragenesis  is  governed  mainly  by  ageing  but,  at  the  same  time, 
has  suggested  that,  as  boehmite  and  diaspore  are  commonly  associated  with  flint 
clays,  the  characteristically  disordered  state  of  kaolinite  could  be  an  added  factor. 

Following  the  experimental  work  of  Roy  &  Osborn  (1954),  it  was  found  that 
diaspore  can  coexist  in  equilibrium  with  kaolinite  and  pyrophyllite  at  temperatures 
above  280 °C.  It  seems  unavoidable,  therefore,  especially  in  view  of  the  character¬ 
istically  indurated  nature  of  the  Tertiary  daispore  laterites,  that  these  are  essentially 
metamorphic  in  origin,  being  derived  by  a  rise  in  isogeotherms  culminating  in  a 
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partial  breakdown  in  the  poorly  crystalline  kaolinite  to  form  diaspore,  pyrophyllite 
(and  quartz). 

In  conclusion,  therefore,  it  appears  that,  whereas  gibbsite  and  boehmite  repre¬ 
sent  typical  lateritic  products,  known  occurrences  of  diaspore  both  in  Malaya  (and 
Australia)  by  contrast  are  essentially  of  metamorphic  origin. 
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Explanation  of  Plates 

Plate  30 

A _ Needles  of  diaspore  in  pyrophyllite  from  the  Tertiary  laterite  of  Bukit  Batu  Mas.  SE. 

Johore.  Ordinary  light.  X  55  magnifications. 

B _ ‘Stick’-bauxite  concretions  from  the  earthy  red  bauxite  of  Bukit  Tanah  Merah. 

Plate  31 

Electron  micrograph  of  the  fine  clayey  matrix  to  the  earthy  red  bauxite  from  Bukit  Tanah 
Merah,  showing  ‘tubules’  of  halloysite  and  particles  of  isotropic  gel.  X  20,000  mag¬ 
nifications. 
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THE  ABORIGINES  OF  THE  MALLEE 

By  Aldo  Massola 
Montrose,  Victoria 


The  Background 

The  first  white  man  to  see  the  Mallee  was  Sturt,  who  skirted  its  northern 
boundaries  on  his  voyage  of  discovery  down  the  Murray  R.  in  1830. 

The  first  white  man  to  penetrate  it  was  Eyre.  He  believed  that  the  Wimmera  R. 
of  Mitchell  was  the  Lindsay  of  Sturt,  and  he  thought  that  by  following  the 
Wimmera  s  north-westerly  course  he  would  reach  the  Murray  R.  Acting  upon  this 
reasoning,  he  drove  a  herd  of  cattle  from  Port  Phillip  to  the  northern  Grampians, 
and  having  reached  the  Wimmera,  followed  its  course  northwards,  and  thus  dis¬ 
covered  and  named  L.  Hindmarsh.  This  was  in  May  1838. 

Having  reached  this  lake,  and  realizing  his  mistake  about  the  Lindsay,  he  spent 
the  next  three  weeks  searching  for  a  way  to  the  Murray;  but,  being  unable  to  find 
feed  and  water  for  his  cattle  in  the  dense  scrub  which  enveloped  him  on  all  sides, 
retraced  his  steps.  He  eventually  reached  the  Murray  by  travelling  north  on  a  more 
easterly  route. 

The  report  of  good  feed  and  water  on  L.  Hindmarsh  soon  led  to  the  occupation 
of  it  and  the  surrounding  district,  and  by  1847  the  fringe  of  the  Mallee  was 
completely  taken  up. 

In  August  of  that  year,  J.  M.  Clow  discovered  and  occupied  Tine  Plains’,  the 
present  L.  Wirrengreen,  which  was  the  innermost  point  of  the  Mallee  then  reached 
by  white  man.  This  ‘lake’  is  at  the  termination  of  the  run  of  the  Wimmera  water 
after  it  passes  through  L.  Hindmarsh  and  L.  Albacutya.  The  Outlet  Ck,  which 
runs  north  from  L.  Albacutya,  has  a  deep  and  well-defined  channel,  here  and  there 
widening  into  grassed  plains.  At  flood  times  these  plains  are  inundated  and  become 
lakes.  However,  floods  seldom  occur  and  the  channel  and  the  lakes  are  normally 
dry.  L.  Wirrengreen,  the  last  lake  of  the  series,  has  not  had  water  in  it  since  1853. 
Clow  took  sheep  there  in  May  1848,  but  he  had  to  remove  his  flocks  by  November 
of  the  same  year  owing  to  lack  of  water.  The  flooding  of  the  plains  entails  the  loss 
of  the  grass,  and  it  is  doubtful  which  of  the  two  evils  was  preferred  by  the  squatters, 
the  lack  of  water  or  too  much  of  it. 

Prior  to  his  Tine  Plains’  venture,  Clow  had  already  occupied  (May  1847) 
a  stretch  of  country  about  30  miles  W.  of  L.  Hindmarsh,  on  which  were  some 
‘shallow  swamps  of  tenacious  clay’.  These  swamps  were  known  to  the  natives  as 
Belarook,  Porcupine  Grass,  and  this  name  Clow  bestowed  on  his  newly-occupied 
run.  Belarook  is  of  interest  to  us  because  Clow  found  it  occupied  by  an  aboriginal 
family,  and  his  references  to  this  family  are  the  only  descriptions  we  possess  of 
Mallee  aborigines. 

The  next  important  date  in  the  exploration  of  this  region  is  1849.  During  that 
year,  Assistant  Surveyor  E.  R.  White  started  his  survey  of  the  South  Australia- 
Victoria  boundary  line.  Beginning  from  a  point  124  miles  N.  of  the  mouth  of  the 
Glenelg  R.,  where  the  survey  had  been  terminated  by  his  predecessor,  White 
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worked  his  way  northwards,  pegging  out  and  surveying  as  he  went,  until  he  reached 
the  Murray.  After  this  arduous  and  somewhat  hazardous  feat,  he  undertook  a 
number  of  independent  journeys  through  the  Mallee,  sometimes  entirely  alone.  He 
crossed  and  recrossed  this  inhospitable  region  in  all  directions  during  a  period  of 
three  years,  his  last  journey  through  it  being  at  the  end  of  1851. 

It  is  a  remarkable  fact  that,  in  all  of  his  travels  through  this  region,  he  did  not 
fall  in  with  one  single  native,  although  he  often  found  evidence  of  their  having 
frequented  the  water-holes. 

At  the  beginning  of  1852,  White  sent  the  following  report  on  the  general 
character  of  the  Mallee  to  the  Surveyor  General,  and  it  is  here  given  as  probably 
the  best  extant  description  of  this  region  as  it  originally  was: 

‘From  the  southern  edge  of  the  scrub,  to  a  distance  of  about  60  miles,  the  country 
consists  of  sand  hills  and  heath,  with  occasional  patches  of  scrub  of  Eucalyptus  dumosa 
in  the  lower  grounds.  The  highest  of  the  sand  hills  does  not  exceed  an  elevation  of 
200  feet  above  the  general  level  of  the  desert  In  this  portion  of  the  scrub  there  are 
clumps  of  pine  at  various  distances,  averaging  about  15  miles  apart,  covering  2  or 
3  acres  of  ground,  and  most  frequently  water  is  to  be  found  in  a  native  well  at  each, 
with  a  little  grass.  Beyond  this  to  the  Murray  there  are  no  native  wells,  and  but  few 
places  that  will  retain  surface  water  for  any  length  of  time.  Some  of  these  wells,  though 
none  exceeds  3  feet  in  depth,  yield  a  sufficient  supply  of  water  for  two  or  three  teams 
of  bullocks  throughout  the  summer,  others  are  soon  exhausted. 

The  next  portion,  extending  about  60  miles  farther  north,  is  covered  with  a  heavy 
and  dense  scrub  of  Eucalyptus  dumosa ,  through  the  greater  portion  of  which  it  would 
be  necessary  to  cut  for  the  passage  of  drays;  the  sand  is  yellow  and  firmer,  having 
apparently  more  clay  mixed  with  it;  the  only  features  of  any  consideration  are  two  or 
three  grass  plains  of  a  few  miles  in  extent,  and  some  salt  lakes,  and  though  this  portion 
of  the  scrub  is  in  general  more  level,  there  are,  to  the  eastward  some  high  sand  hills, 
one,  laid  down  on  the  plan  near  some  salt  lakes,  is  about  250  feet  above  the  general 
level  of  the  desert,  the  view  from  which  embraces  a  considerable  area,  but  with  the 
exception  of  the  Salt  Lakes  and  some  small  flats  in  the  same  direction,  nothing  can  be 
seen  on  all  sides  but  a  sea  of  scrub. 

The  remaining  space  of  20  or  30  miles  to  the  Murray,  is  also  covered  with 
Eucalyptus  dumosa ,  but,  though  tall,  is  much  more  open,  and  scattered  throughout  with 
small  salt-bush  or  grass  flats,  upon  which  the  cattle  from  the  river  feed  during  the 
winter.’ 

The  high  sand  hill  referred  to  by  White  is  now  Mt  Jesse,  and  the  Salt  Lakes 
are  the  Pink  Lakes. 

As  well  as  the  generally  inhospitable  nature  of  the  country,  the  sharp  pointed 
Porcupine  Grass,  which  was  found  almost  everywhere  except  on  the  heathy  country, 
was  a  great  hindrance  to  the  traveller. 

The  Mallee  and  the  Aborigines 

The  Mallee  can  be  said  to  have  been  ‘back  country’  to  the  tribes  bordering  on 
it,  and  it  was  only  visited  by  groups  from  these  tribes  at  various  times  of  the  year 
for  the  purpose  of  obtaining  seasonal  foods.  It  is  certain  that  eventually  some 
groups  did  settle  on  it,  at  places  where  water  was  more  or  less  permanent.  These 
groups  were  necessarily  small,  and  it  is  possible  that  they  originated  from  couples 
who  had  eloped,  or  from  fugitives  from  tribal  justice. 

One  such  group  in  the  making  was  referred  to  by  Clow  as  being  in  possession 
of  Belarook  when  he  occupied  it.  Clow  stated  that: 

‘I  found  the  sole  occupants  to  be  a  man  of  great  muscular  strength  and  proportions,  his 
three  women,  and  two  children  .  .  .  although  this  native  .  .  .  was  apparently  in  the  best 
terms  with  his  tribe,  yet  they  hinted  that  it  was  his  prowess,  not  right,  that  maintained 
him  in  possession  of  such  a  large  tract  of  territory,  and  more  than  his  share  of  the 
women.* 
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This  man  was  later  speared  by  a  party  from  L.  Hindmarsh,  and  his  wives 
appropriated.  However,  there  is  little  doubt  that,  had  he  been  able  to  survive  the 
ire  of  his  tribe,  in  a  couple  of  generations  his  descendants  would  have  been  accepted 
as  another  division  of  it. 

The  Rev.  Mr  Hartmann,  of  the  L.  Hindmarsh  Mission,  gave  the  following 
names  of  divisions  and  the  territory  they  occupied: 


Lail-buil 

Jakel-baluk 

Kromelak 

Wanmung-wanmungkur 

Kapun-kapun-barap 

Duwin-barap 

Jakal-barap 

Jarambiuk 

Whitewurndiuk 

Kerabial-barap 

Murra-murra-barap 


Between  Pine  Plains  and  the  R.  Murray 
Between  Pine  Plains  and  L.  Albacutya 
At  L.  Albacutya 
At  L.  Hindmarsh 

On  the  Wimmera  R.,  S.  of  L.  Hindmarsh 
W.  of  the  Wimmera  R. 

W.  of  the  last 

On  Yarriambiak  Ck 

Between  L.  Coorong  and  L.  Tyrrell 

At  Mt  Arapiles 

About  the  northern  Grampians. 


All  these  divisions  were  said  by  him  to  be  one  and  the  same  tribe,  although 
they  did  not  have  a  common  name  for  all.  The  Murray  River  natives  referred  to 
them  as  Malleegunditch,  literally  Mallee-ites.  Howitt  generally  agrees  with  the  above 
list,  with  the  exception  that  he  wrongly  reversed  the  habitat  of  the  Jakel-baluk  and 
the  Kromelak.  The  native  name  for  the  outlet  between  L.  Hindmarsh  and  L. 
Albacutya  was  Kromelak,  while  the  name  for  the  outlet  N.  of  L.  Albacutya  was 
Tyakil-ba-tyakil.  L.  Albacutya  was  known  as  Ngelbakutya — Sour  Quandong. 
Howitt  placed  all  the  above  divisions  within  the  Wotjobaluk  Nation.  The  correct¬ 
ness  of  this  placing  is  proved  by  the  similarity  of  the  language  spoken  at  Pine 
Plains,  at  Mt  Arapiles,  and  on  the  Avoca  River. 

Native  wells  in  the  Mallee  were  either  clay-pans,  which  contained  water  in 
winter,  or  else  soaks.  The  latter  occur  in  poor  sandhill  country,  and  are  probably 
clay-pans  filled  with  drift  sand.  The  natives  sank  shallow  conical  holes  into  these 
and  thus  obtained  a  fairly  plentiful  supply  of  water.  The  holes  were  kept  covered 
with  sticks,  to  minimize  evaporation  and  to  protect  the  water  from  kangaroos  and 
wild  dogs.  In  some  places  water  was  also  obtained  from  crab-holes. 

When  travelling  from  one  water-hole  to  the  other,  aborigines  carried  water  in 
possum  skins  which  had  the  leg-holes  tied  with  string.  The  fur  was  turned  inside, 
and  any  solids  in  the  water  adhered  to  it,  so  that,  even  if  it  started  off  by  being 
muddy,  the  water  was  reasonably  clear  after  two  or  three  hours  in  the  skin. 

There  are  occasional  references  in  the  few  accounts  of  the  exploration  of  the 
country  to  rock  water-holes.  E.  R.  White,  for  instance,  has  an  entry  in  his  journal 
to  the  effect  that  he  found  ‘at  two  clumps  of  pine*  some  holes  in  rocks  containing 
about  100  gallons  of  water’.  These  rocks  are  outcrops  of  red  sandstone,  no  other 
stone  being  found  throughout  this  region.  . 

Every  place  which  was  likely  to  hold  water  was  known  to  the  natives,  and  it 
was  given  a  distinguishing  name  by  them.  As  an  instance  it  can  be  cited  that  the 
well  which  was  sunk  by  Clow  on  Pine  Plains  (the  Wirringe  of  the  natives)  to  a 
depth  of  20  ft  was  immediately  christened  Koortiup  by  the  aborigines.  Koortiup 
means  Rock  and  refers  to  the  fact  that  the  well  was  sunk  chiefly  through  sandstone. 

Other  recorded  aboriginal  names  of  wells  are: 


Buchan-buchan 

Kinganga 

Corran 

Calkaki 

Koochi 


W.  of  the  Wimmera  R. 
SW.  of  L.  Hindmarsh 
W.  of  Lake  Hindmarsh 
W.  of  L.  Albacutya 
SE.  of  L.  Wirrengreen. 
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Water  was  also  obtained  from  the  roots  of  some  of  the  eucalypts,  which  the 
natives  called  VVeir-mallee.  They  are  recognizable  by  the  comparative  density  of 
the  foliage.  These  trees  have  long  horizontal  roots  only  a  few  inches  below  the 
surface  of  the  soil.  After  digging  them  up  the  natives  broke  them  into  short  lengths, 
and  up-ended  them,  making  sure  that  the  end  farthest  away  from  the  tree  was  at 
the  top.  Good,  clear  water  soon  dripped  out  from  them,  a  root  of  15  to  20  ft 
yielding  between  a  pint  and  a  quart. 

Another  source  of  water  was  the  Mallee-oak.  When  the  trunk  of  this  tree 
obtains  a  diameter  of  over  6  inches,  it  becomes  hollow  and  holds  water,  which 
drains  down  into  it  from  the  branches.  To  obtain  the  water,  the  natives  tied  a 
bunch  of  grass  to  the  end  of  a  spear  and  dipped  it  into  holes  at  the  junction  of  the 
branches  with  the  trunk.  The  grass  acted  like  a  sponge. 

A  similar  method  was  used  in  getting  water  from  crab-holes;  or  if  reeds  were 
available,  water  was  sucked  up  through  them. 

Food  presented  no  problems.  Roots  and  bulbs  were  obtained  on  the  plains 
and  seeds  of  various  plants,  including  the  honeysuckle,  were  eaten.  Possums, 
bandicoots,  kangaroos,  emus,  wild  dogs,  as  well  as  small  birds,  were  found  in  the 
vicinity  of  water.  Lizards  and  snakes  were  found  everywhere. 

Small  birds  of  various  kinds,  which  fed  on  the  blossom  of  the  honeysuckle  and 
other  plants,  were  captured  by  means  of  a  running  noose.  A  hole  was  scooped  out 
of  the  sand,  large  enough  for  a  man  to  sit  in  comfortably.  Over  the  hole  was  built 
a  shelter  of  green  boughs.  A  stiff  stick  with  a  running  noose  at  the  end  of  it  was 
held  by  the  hunter,  who  endeavoured  to  call  the  birds  to  him  by  imitating  their 
chirping.  When,  after  some  trouble,  a  bird  came  near  enough,  it  was  secured  by 
slipping  the  noose  over  its  head.  The  bird  was  then  tied  to  the  shelter  by  means 
of  a  string  attached  to  one  of  its  legs.  It  would  thus  act  as  a  decoy,  and  it  has 
been  stated  that  a  bag  was  in  this  way  easily  and  quickly  secured. 

Mallee-hen  eggs  were  available  in  season.  Another  seasonal  but  important  food 
was  the  sweet,  white  excretion  from  the  pupae  of  Psylla  eucalypti.  This  manna¬ 
like  food,  known  to  the  aborigines  as  Lerp,  was  obtained  in  large  quantities  during 
the  summer  months.  It  was  eaten  alone,  or  as  a  garnish  to  various  kinds  of  animal 
food. 

Beal  was  the  name  of  a  mildly  intoxicating  drink  which  was  made  by  immersing 
the  flowers  of  the  honeysuckle  ( Banksia  ornata)  in  water.  To  this  was  added  the 
crushed  seeds  from  the  ripe  cones  of  the  plant.  This  infusion  was  greatly  enjoyed 
by  the  natives. 

The  need  for  trade,  as  well  as  the  search  for  food,  forced  the  natives  to  brave 
the  rigours  of  the  Mallee.  It  is  known  that  the  Murray  River  natives  met  those 
of  the  Avoca  and  Wimmera  R.  during  the  winter  months  of  each  year.  One 
meeting  place  was  Pine  Plains.  The  Murray  people  reached  it  by  way  of  Gayfield, 
the  Hattah  Lakes,  and  Tiega  (Teeregee),  and  brought  with  them  such  com¬ 
modities  as  reeds  for  making  reed-spears,  lumps  of  red  ochre  for  decoration,  fresh 
water  mussel  shells  to  be  used  as  knives  and  spokeshaves,  small  cut-reed  and 
Murray  lobster-claw  necklaces,  and  possum-fur  armlets.  The  southern  tribes 
brought  saplings  for  spear-shafts,  certain  swamp  reeds  for  spear  heads,  axe-stone 
blanks  to  be  fashioned  into  axes,  and  sandstone  blocks  to  be  used  as  grinders. 
Other  material  possessions,  such  as  fur  cloaks  and  weapons,  were  also  exchanged. 
The  journey  of  approximately  55  miles  between  Gayfield  and  Pine  Plains  was 
made  in  less  than  two  days. 

Another  point  of  contact  was  L.  Coorong  (Yarak).  The  northern  tribes  reached 
it  by  way  of  Chinkapook  and  Tyrrell  Downs  (Mortwara),  and  met  the  people  from 
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the  northern  Grampians,  who  had  followed  the  Wimmera  R.  (Burr)  to  L.  Hind- 
marsh  (Guru),  and  the  Outer  Channel  to  L.  Albacutya  or  the  Yarriambiak  Ck  to 
L.  Coorong. 

Chinkapook  was  known  to  the  northern  tribes  at  Chinkibook,  Red  Earth  or 
Red  Ochre,  as  there  was  an  important  deposit  of  oxide  of  iron  there.  L.  Tyrrell 
(Taril)  is  a  salt  lake,  but  a  good  native  well  existed  to  the  west  of  it,  near  the 
present  Nyarrin. 

Stone  axes  also  came  to  L.  Hindmarsh  from  a  diabase  quarry  on  Charlotte 
Plains,  now  known  as  Moolort  Plains,  not  far  from  Maryborough,  in  Jajawurong 
country;  and  spear  reeds  were  brought  from  the  Tatiarra  country,  over  the  South 
Australian  border. 

There  is  no  question  that  the  aborigines  travelled  all  over  the  Mallee.  It  is 
recorded  that  a  man  was  killed  at  L.  Hindmarsh,  and  his  murderer  was  followed 
and  eventually  speared  at  Nhill. 

Another  recorded  incident  is  that  of  a  man  from  the  Tatiarra  country  (in  South 
Australia)  who  carried  off  a  girl  from  the  Wimmera  R.,  where  has  was  on  a  visit. 
Although  pursued,  he  was  able  to  escape  with  her  back  to  his  own  country. 

The  L.  Hindmarsh  people  were  in  the  habit  of  travelling  to  the  Tatiarra  country 
to  obtain  reeds  from  a  water  plant  growing  there,  with  which  to  make  the  heads 
of  their  spears. 

The  only  records  dealing  specifically  with  the  language  and  the  social  institutions 
of  the  aborigines  of  the  Mallee  which  are  known  to  me  are  short  lists  of  words, 
a  note  on  a  burial,  and  a  description  of  the  Initiation  Ceremony. 

The  description  of  both  the  burial  and  the  Initiation  Ceremony  agree  with 
similar  practices  among  the  Wotjobaluk,  as  described  by  Howitt  and  others.  The 
language  lists  also  agree  with  those  from  the  Avoca  and  Richardson  R.,  and  even 
from  those  as  far  as  Swan  Hill.  This  being  the  case,  we  can  assume  that  the  social 
institutions  and  the  material  culture  of  the  Mallee  aborigines  were  similar  to  those 
of  their  neighbours  to  the  east,  the  Wotjobaluk,  of  which  tribe  they  probably  formed 
a  part.  Due  allowance,  however,  must  be  made  for  changes  in  food  acquisition 
methods,  and  also  possibly  in  some  aspects  of  their  material  culture,  which  may 
have  been  dictated  by  the  differences  in  the  habitat. 

Only  the  salient  points  of  the  way  of  life  of  these  people,  in  so  far  as  they 
have  been  recorded,  are  repeated  here.  For  further  details  the  student  is  referred 
to  the  bibliography  at  the  end  of  this  paper.  The  section  on  initiation,  and  the  one 
on  burials,  are  adapted  from  Bulmer  and  Wright  respectively,  and  pertain  to  the 
aborigines  of  the  Wimmera  R. 

Tribal  Government 

The  oldest  man  of  each  group  was  its  Head  and,  when  more  than  one  group 
of  the  tribe  were  present,  the  elders  of  each  totem  represented  formed  a  council, 
the  oldest  man  present  being  its  Head  for  the  time  being. 

When  more  than  one  totem  were  present  in  any  one  group  the  members  of  each 
totem  obeyed  the  directions  of  the  oldest  man  present  on  general  matters.  When 
their  own  totem  was  concerned  they  only  recognized  the  authority  of  its  oldest 
member  present. 

The  Family  and  Marriage  Rules 

The  tribe  was  organized  on  the  two-class  system,  with  descent  through  the 
female,  in  which  the  men  from  one  class  married  women  from  the  other.  A  man 
did  not  usually  take  more  than  one  wife,  and  he  could  not  marry  any  woman 
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from  the  same  locality  as  his  mother.  Children  of  brothers  were  considered  to  be 
brothers  and  sisters.  Marriage  was  by  exchange  of  sisters,  and  was  arranged  by 
the  fathers  of  the  girls  concerned  on  behalf  of  the  sons,  and  with  the  concurrence 
of  the  elder  brother  (or  cousin)  of  the  girls  involved  in  the  exchange.  No  one  had 
prior  access  to  the  bride,  and  strict  fidelity  was  expected  from  her.  Wives  were 
not  lent  to  friends  or  visitors.  If  found  guilty  of  misconduct  a  wife  could  be  speared 
in  the  thighs  by  her  husband,  or  he  may  give  her  over  as  common  property  to 
all  the  men  in  the  camp.  The  co-respondent  would  have  to  make  presents  of 
possum  fur  rugs  and  of  weapons  to  the  husband  for  reparation. 

In  the  case  of  elopement,  if  the  couple  were  of  the  right  classes  to  marry,  and 
if  caught,  the  elopees  would  be  brought  back  to  camp,  the  girl  having  first  become 
common  property  to  all  her  pursuers.  When  back  at  camp  the  man  would  have 
to  stand  up  to  a  trial  with  spears,  which  were  thrown  at  him  by  all  the  girl’s 
relations.  The  girl  was  attacked  and  beaten  by  her  relatives.  If  the  couple  stood 
up  to  these  trials  they  were  allowed  to  marry,  but  the  man  had  to  find  a  ‘sister’ 
to  give  in  exchange. 

If  they  were  not  of  the  right  class  to  marry,  and  if  caught,  the  girl  was  first 
possessed  by  all  her  pursuers,  and  then  killed.  The  man  was  speared  and  his  thighs 
and  upper  arms  roasted  and  eaten.  The  rest  of  his  dismembered  body  was  left 
where  he  had  fallen. 

Birth  and  Childhood 

When  her  time  was  approaching  a  woman  retired  to  a  secluded  spot,  generally 
accompanied  by  an  older  woman.  When  the  baby  was  bom  this  woman  rubbed  it 
with  dry  grass  or  fine  sand.  The  umbilical  cord  was  cut.  The  mother  rejoined  the 
camp  within  a  couple  of  days.  Children  were  named  after  the  locality  in  which 
they  were  bom,  or  after  a  nearby  tree  or  rock.  If  an  animal  made  its  appearance 
at  the  time  of  birth,  the  baby  was  named  after  it.  Children  had  a  great  deal  of 
freedom,  but  obedience  was  demanded,  and  they  were  checked  by  threats  of  visits 
by  wicked  spirits. 

Infanticide 

If  a  newly  bom  infant  was  not  wanted  it  was  killed  by  knocking  it  on  the  head. 
If  allowed  to  live  for  a  few  days  it  was  kept.  In  most  cases  the  dead  infant  would 
be  cooked,  and  eaten  by  its  older  brothers  and  sisters.  It  was  believed  that  this 
food  would  make  them  strong. 

Initiation 

When  considered  old  enough,  i.e.  when  whiskers  began  to  appear  on  his  chin, 
the  boy  was  taken  away  to  a  new  camp  by  two  of  his  sisters’  husbands.  In  some 
tribes  he  was  first  ceremonially  ‘roasted’  before  a  large  fire.  When  he  arrived  at 
his  new  camp,  which  was  some  distance  away  from  the  main  camp,  he  was 
dressed  in  full  corroboree  outfit.  This  consisted  of  a  kangaroo  teeth  chaplet,  a 
cut-reed  necklace,  possum  skin  armlet,  a  possum  fur  cord  from  which  a  fringe 
of  strips  of  possum  hide  hung  back  and  front,  and  he  was  anointed  with  red  ochre 
and  fat.  Lastly,  a  ligature  of  kangaroo  sinews  was  tied  around  his  forearm.  The 
boy  had  to  remain  at  this  camp  for  about  three  months,  and  during  this  period  he 
was  not  allowed  to  eat  the  flesh  of  any  male  animal,  nor  was  he  allowed  to  do 
anything  for  himself. 

Religion 

These  tribes  believed  that  the  earth  and  all  upon  it  was  made  by  a  being  called 
Bunjil,  but  generally  referred  to  as  Mani  Ngurak,  Our  Father.  Bunjil’s  son, 
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Gargomitch,  in  the  guise  of  a  good  spirit,  supervised  his  Father’s  creation.  The 
spirit  in  man  was  called  Gulkan-gulkan,  and  when  the  body  died  it  went  to  a  place 
beyond  the  sky,  which  was  full  of  Lerp  and  honey.  The  Medicine  Men,  called 
Bangal,  were  believed  to  be  able  to  communicate  with  the  dead,  to  be  able  to  fly, 
and  to  cause  the  death  of  their  enemies  by  magic,  by  means  of  magically  burning 
any  object  or  matter  which  had  once  belonged  to  the  intended  victim  over  a  fire 
lit  for  the  purpose. 

They  also  used  an  instrument,  called  a  Yulo,  which  consisted  of  a  pointed 
bone  made  from  a  human  fibula,  to  which  was  attached  a  loop  made  from  the 
sinews  of  the  kangaroo.  The  Yulo  could  be  pointed  at  a  victim  from  a  distance, 
or  used  as  a  strangling  cord  by  passing  it  around  the  neck  of  a  sleeping  person. 

Another  instrument  used  in  magic  killing  was  known  as  Guliwil.  This  consisted 
of  three  or  four  spindle  shaped  pieces  of  wood,  tied  together  with  some  object 
which  had  once  belonged  to  the  victim.  The  whole  was  smeared  with  human 
kidney  fat  and  slowly  burnt. 

Rain  Making 

The  office  of  Rain-maker  was  an  important  one  in  this  dry  region  and  was 
distinct  from  that  of  Medicine-man.  The  Rain-maker  made  a  ball  from  his  own 
hair  and  soaked  it  in  water.  With  gesticulations  and  incantations  he  sucked  the 
water  from  this  ball  and  squirted  it  towards  the  west.  He  then  squeezed  the 
remaining  water  from  the  ball  while  he  held  it  over  his  head,  and  let  the  water 
rain  over  himself. 

Another  method  was  to  place  human  hair  in  running  water.  A  third  was  to 
burn  human  hair  at  a  specially  lit  fire. 

Division  of  Food 

All  game  killed  was  parcelled  out  in  certain  portions  according  to  the  relation¬ 
ship  to  the  hunter  of  those  present  in  the  camp,  and  according  to  the  animal  killed. 
With  a  kangaroo,  for  instance,  the  old  men  were  given  the  body;  the  head  and 
forequarters  went  to  the  hunter’s  wife’s  parents;  the  tail  and  one  hind  leg  to  the 
men,  and  the  remainder  to  the  young  people. 

Certain  foods  were  forbidden  to  the  uninitiated  and  to  all  females  unless  they 
were  old  and  grey  haired. 

Burials 

The  dead  were  buried  in  a  flexed  position,  the  knees  drawn  up  to  the  chin, 
the  arms  crossed  over  the  knees.  The  body  was  tightly  corded.  The  grave,  oval 
in  shape,  was  lined  with  furs  and  bark,  and  more  of  these  materials  were  placed 
over  the  body.  After  the  grave  was  filled  in  logs  were  placed  over  it,  as  a  protection 
against  dingoes,  and  a  space  about  30  ft  by  15  ft  was  carefully  cleared  around  it. 
A  fire  was  lit  by  the  grave,  so  that  the  spirit  might  warm  himself  when  issuing 
from  the  grave.  The  locality  was  then  left  by  the  group  for  a  period  of  several 
months. 
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THE  PETROGRAPHY,  STRUCTURE,  AND  MODE  OF  EMPLACEMENT 
OF  THE  COB  AW  GRANITE,  VICTORIA 

By  A.  J.  Stewart 

Department  of  Geology,  Yale  University,  New  Haven, 

Connecticut,  U.S.A. 

Abstract 

The  Cobaw  Granite  (Upper  Devonian)  is  a  ‘high-level’,  compound  granite  which  has  a 
subrectangular  shape  and  an  area  of  200  square  miles.  It  consists  of  four  main  intrusions 
(numbered  G1  to  G4),  the  later  emplaced  inside  the  earlier.  G1  is  an  irregular  dyke  of 
hypersthene  porphyrite  in  the  north-eastern  part  of  the  massif.  G2  is  a  large  ring  of  coarse¬ 
grained  granite,  characterized  by  a  vertically-dipping,  planar  orientation  of  perthite  phenocrysts, 
which  is  parallel  to  the  outer  margin  of  the  ring.  G3  is  the  largest  intrusion,  a  virtually 
massive,  medium-grained  granodiorite,  which  crops  out  entirely  inside  G2.  G4  is  a  body  of 
porphyritic  granodiorite  which  interrupts  the  ring  of  granite  Gl,  and  has  a  transitional  contact 
with  G3.  Numerous  smaller  intrusions  are  present  in  the  central  part  of  the  massif,  and  the 
country  rocks  have  remained  undisturbed  during  the  intrusive  history.  Emplacement  is  believed 
to  have  begun  with  the  extrusion  of  a  small  flow  of  hypersthene  dacite,  followed  by  the 
intrusion  of  the  granite  G2  by  minor  block  stoping  of  a  ring  fracture  zone,  to  form  a  true 
ring  dyke.  Because  of  the  large  size  of  the  massif,  it  is  thought  that  these  fractures  reached 
the  surface,  so  that  restricted  flows  of  rhyolite  appeared,  accompanied  by  slight  cauldron 
subsidence.  Subsurface  fracturing  of  the  central  block  of  country  rock  allowed  underground 
cauldron  subsidence  to  take  place  inside  G2,  possibly  of  two  main  blocks,  to  emplace  the 
granodiorite  G3,  followed  by  subsidence  of  a  segment  of  G2  to  form  G4.  A  long  period  of 
erosion  has  entirely  removed  the  roof  rocks,  including  the  small  amount  of  early  extrusives. 

Introduction 

The  Cobaw  Granite  is  a  compound  granitic  body  situated  in  Central  Victoria, 
between  Kyneton,  53  miles  NW.  of  Melbourne,  and  Tooborac,  58  miles  N.  of 
Melbourne  (Fig.  la,  lb).  The  essential  features  of  this  region  have  been  described 
by  Hills  (1959),  and  indicate  that  the  granitic  bodies  found  there  are  ‘high-level’ 
magmatic  granites,  representative  of  the  ‘Plutons’  in  Read’s  Granite  Series  (Read 
1949),  or  of  the  ‘Epizonal  plutons’  in  Buddington’s  scheme  (Buddington  1959). 
Some  of  them  are  directly  associated  with  consanguineous  acid  volcanic  rocks 
(Fig.  lb),  and  the  area  is  a  typical  example  of  post-orogenic  magmatic  activity  at 
the  subvolcanic  and  volcanic  levels. 

The  study  was  undertaken  to  ascertain  the  mode  of  emplacement  of  the  Cobaw 
Granite.  The  evidence  available,  coupled  with  the  generally  poor  exposures,  is 
insufficient  to  provide  a  conclusive  demonstration  of  the  emplacement  mechanism, 
but  there  is  enough  evidence  to  allow  a  hypothesis  to  be  put  forward.  In  this 
account,  the  term  ‘Cobaw  Granite’  is  used  to  denote  the  whole  massif  of  granitic 
rocks,  and  the  four  main  members  in  their  order  of  intrusion  are  referred  to 
as  Gl,  G2,  G3,  and  G4  (Fig.  2).  The  terminology  of  Nockolds  (1954)  has  been 
used  for  the  igneous  rocks. 

The  massif  consists  essentially  of  a  ring  of  coarse-grained  granite  G2,  sur¬ 
rounding  a  core  of  medium-grained  granodiorite  G3.  A  prominent,  irregular  dyke  of 
hypersthene  porphyrite  at  Tooborac  forms  the  earliest  intrusion  Gl  (Singleton 
1949),  and  a  fourth  intrusion  of  granodiorite,  G4,  breaches  the  ring  of  granite  and 
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Fig.  1 — a.  Locality  map  showing  Central  Victoria,  and  the  area  (in  solid  black) 
covered  by  Fig.  2  (Geological  Map  of  the  Cobaw  Granite), 
b.  Map  of  Central  Victoria,  showing  the  Cambrian  belt  and  Upper  Devonian 
igneous  rocks.  Position  of  Fig.  2  shown  by  indented  rectangle. 

forms  the  highest  part  of  the  area,  the  Cobaw  Ranges.  The  massif  is  markedly 
subrectangular  in  shape;  its  long  axis  measures  24i  miles  in  an  ENE.  direction, 
and  the  short  axis  Si  miles  at  right  angles  to  this.  The  total  area  of  all  granitic 
rocks  is  210  square  miles. 

Little  work  has  been  done  on  this  granite  mass  since  it  was  shown  on  the 
quarter  sheets  of  the  Geological  Survey  of  Victoria,  published  in  the  1860’s,  and 
which  showed  only  the  outer  contact  of  the  granite.  The  name  ‘Cobaw  Granite’  was 
first  used  by  Edwards  (1938).  Baker  (1942)  described  the  heavy  minerals  in  four 
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samples  from  the  outer  contact  of  the  granite  (G2).  The  uniformity  of  the  heavy 
mineral  assemblages,  and  the  absence  of  hydrothermal  minerals  and  of  minerals 
produced  by  contamination,  led  him  to  conclude  that  the  granite  had  been 
extensively  deroofed. 

O.  P.  Singleton  (1949)  described  the  Lower  Palaeozoic  sediments  and  later 
granitic  rocks  of  the  country  around  Tooborac.  He  found  (p.  76)  that  the  rock 
at  Hayes’s  Hill  shown  on  the  quarter  sheet  51/SW.  as  ‘gneiss’  was  a  metamorphosed 
dyke  of  hypersthene  porphyrite,  and  recognized  that  the  massif  possessed  a  ring  of 
coarse-grained  granite  which  surrounded  a  core  of  medium-grained  granodiorite. 
Direct  evidence  of  the  relative  ages  of  the  granite  and  granodiorite  is  lacking  in  the 
area  he  visited,  and  from  indirect  evidence  he  concluded  that  the  ring  of  granite 
was  younger  than  the  granodiorite.  However,  direct  evidence  from  other  places 
along  the  contact  of  the  two  rocks  shows  that  this  is  not  so,  and  that  the  granite 
is  older  than  the  granodiorite. 

Jointing  in  the  granitic  rocks  is  approximately  N.-S.  and  E.-W.;  as  a  result, 
a  subrectangular  stream  pattern  has  developed  over  most  of  the  area.  However, 
Mollison’s  Ck  and  Sandy  Ck,  in  the  eastern  half  of  the  main  body  of  granodiorite, 
follow  roughly  arcuate  courses  some  distance  from  but  parallel  to  the  inner  margin 
of  the  granite  ring  (Fig.  2).  Corestones  cover  the  landscape,  and  those  of  the 
coarse  granite  of  the  ring  are  very  much  larger  than  those  of  the  medium-grained 
granodiorite  inside  the  ring.  Similarly,  the  hills  formed  on  the  ring  of  granite  are 
considerably  higher  than  those  on  the  granodiorite. 

Petrography  and  Relationships  of  Rock  Units 

Country  Rocks 

General  Stratigraphy 

The  rocks  into  which  the  Cobaw  Granite  was  intruded  consist  of  folded  and 
faulted  Cambrian,  Ordovician,  and  Silurian  sediments  of  the  Lachlan  Geosyncline 
(Packham  1960).  The  trend  of  the  folds  and  faults  is  approximately  N.-S.  The 
faults  bring  the  Cambrian  rocks  to  the  surface,  where  they  form  the  Mt  William- 
Heathcote-Colbinabbin  Belt,  separating  Ordovician  rocks  on  the  western  side  from 
Silurian  rocks  on  the  east  (Fig.  2).  The  Cobaw  Granite  transects  this  belt,  and 
has  removed  a  strip  of  Cambrian  rocks  some  12  miles  long. 

South  of  the  granite,  in  the  Lancefield  area,  the  Cambrian  System  comprises 
the  Mt  William  Group,  at  least  5,000  ft  of  submarine  basic  metavolcanics  (green¬ 
stones)  of  the  spilite-keratophyre  association,  with  minor  pyroclastics  and  cherts, 
overlain  by  2,000  ft  of  Goldie  Shales  (Thomas  &  Singleton  1957).  At  the  surface, 
the  width  of  the  Cambrian  belt  averages  H  miles.  North  of  the  granite,  in  the 
Tooborac  area,  the  Cambrian  belt  is  only  i  mile  wide,  and  the  volcanic  rocks  are 
predominantly  tuffaceous  (Singleton  1949). 

The  Ordovician  rocks  are  deep-water  sandstones,  greywackes,  and  graptolitic 
shales.  In  the  Lancefield  district  they  are  conformable  with  the  Cambrian  rocks, 
but  at  Tooborac  the  junction  is  faulted.  The  Silurian  sandstones,  shales,  mudstones, 
and  greywackes  occur  only  to  the  east  of  the  Cambrian  rocks,  and  are  everywhere 
faulted  against  them.  Though  lithologically  similar  to  the  Ordovician  rocks,  they 
are  usually  greenish  instead  of  grey,  and  contain  shelly  fossils,  which  indicates 
shallower-water  deposition.  The  combined  thickness  of  Ordovician  and  Silurian 
sediments  is  about  30,000  ft  (from  Thomas  1937,  Thomas  &  Singleton  1957,  and 
Packham  1960). 
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Metamorphism 

On  emplacement  of  the  granite  (G2),  contact  metamorphism  affected  all  the 
surrounding  country  rocks,  resulting  in  a  ridge  of  resistant  hornfels  averaging  from 
i  to  }  mile  wide.  However,  at  High  Camp  in  the  SE.  corner,  the  ridge  is  1 J  miles 
wide  and  considerably  higher  than  the  rest  of  the  aureole,  forming  the  prominent 
Black  Range.  Only  a  very  brief  petrographic  study  of  the  contact  metamorphic 
aureole  has  been  made;  fuller  descriptions  of  the  thin  sections*  are  recorded  in 
Stewart  (1962).  An  account  of  the  contact  metamorphism  in  the  Tooborac  area 
appears  in  Singleton  (1949). 

*  Rock  specimens  and  thin  sections  (TS)  numbers  8203  to  8475  are  in  the  collection  of 
the  Geology  Department,  University  of  Melbourne. 

Three  specimens  of  greenstone  from  Mt  William  are  typical  of  the  metamor¬ 
phosed  Cambrian  basic  extrusives.  TS  8437  has  been  cut  from  a  specimen  from 
1,600  yds  S.  of  the  granite  contact,  and  consists  essentially  of  oligoclase  and 
actinolite.  The  larger  actinolite  crystals  have  prominent  cores  of  unaltered  augite. 
Other  minerals  present  are  abundant  ilmenite,  chlorite,  epidote,  clinozoisite,  and 
very  rare  biotite;  hornblende  is  absent.  Faint  traces  of  ophitic  texture  remain. 
The  mineral  assemblage  is  essentially  that  of  a  spilite  (Turner  &  Verhoogen  1960, 
p.  258),  so  the  rock  probably  lies  outside  the  contact  aureole. 

TS  8438,  from  the  peak  of  Mt  William,  1,000  yds  from  the  contact,  consists 
mainly  of  andesine  and  hornblende,  with  some  actinolite  and  rare  quartz,  augite 
being  absent.  TS  8445,  from  the  contact  itself,  contains  oligoclase,  hornblende,  and 
quartz;  actinolite  is  absent.  This  innermost  rock  is  an  epidiorite  (Hatch,  Wells,  & 
Wells  1961,  p.  325). 

The  principal  change  affecting  the  Cambrian  rocks  in  the  aureole  has  been  the 
conversion  of  actinolite  to  hornblende.  The  mineral  assemblage  at  the  contact 
belongs  to  the  hornblende-hornfels  facies  of  contact  metamorphism,  and  this  extends 
for  1,200-1,400  yds  S.  The  effect  of  the  granite  on  the  Cambrian  rocks  in  the  outer 
part  of  the  aureole,  where  the  conditions  were  those  of  the  albite-epidote-hornfels 
facies  (shown  by  the  metamorphosed  sediments)  was  probably  very  little.  This  is 
because  the  mineralogy  of  the  greenstones  was  already  similar  to  that  of  the  albite- 
epidote-hornfels  facies,  owing  to  their  spilitic  character. 

A  metamorphosed  shale  from  the  Goldie  Shales  at  Mt  William  is  a  tremolite- 
biotite-cordierite  hornfels  (TS  8446),  consisting  of  these  minerals  with  some  quartz 
and  abundant  ore  minerals.  The  rock  is  very  fine-grained,  and  the  cordierite  forms 
poikiloblasts  crowded  with  inclusions  of  the  other  minerals.  This  rock-type  has  been 
recorded  only  once  before  in  Victoria,  from  the  Tooborac  district  by  Singleton 
(1949).  Most  of  the  contact  rocks  at  Tooborac  are  tremolite  hornfelses. 

The  Ordovician  sediments  are  typical  pelites  and  psammo-pelites,  and  have 
given  rise  to  a  variety  of  contact  metamorphic  hornfelses.  These  are: 

1.  Cordierite  hornfels — one  type  recognized: 

cordierite-muscovite-biotite-quartz  hornfels  (TS  8465),  with  occasional 
small  crystals  of  oligoclase. 

2.  Biotite  hornfels — one  type: 

muscovite-biotite-quartz  hornfels  (TS  8454,  8456),  with  oligoclase  as  small 
crystals  and  less  commonly  as  larger  poikiloblasts. 

3.  Sericite  hornfels — three  types: 

(a)  biotite-muscovite-sericite-quartz  hornfels  (TS  8455); 
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(b)  muscovite-biotite-quartz-sericite  hornfels  (TS  8457),  a  retrograded 
cordierite  hornfels; 

(c)  muscovite-quartz-sericite  hornfels  (TS  8449,  8450,  8451). 

The  cordierite  and  biotite  hornfelses  are  not  found  more  than  a  few  yards  from 
the  granite.  The  sericite  hornfels  forms  the  major  part  of  the  aureole,  and  is  com¬ 
monly  present  at  the  granite  contact  in  association  with  the  cordierite  and  biotite 
hornfelses,  as  well  as  lying  outside  them. 

The  mineral  assemblages  in  the  contact  metamorphosed  Silurian  rocks  are 
identical  with  those  in  the  Ordovician  rocks,  reflecting  the  similarity  in  lithologies. 
The  assemblages  noted  were  cordierite-muscovite-biotite-quartz  hornfels  (TS  8470, 
8472),  biotite-muscovite-sericite-quartz  hornfels  (TS  8473),  and  muscovite-quartz- 
sericite  hornfels  (TS  8468,  8469).  Again,  the  cordierite  hornfelses  occur  only  at  the 
granite  contact,  most  of  the  aureole  consisting  of  the  sericite  hornfelses. 

The  mineral  assemblages  and  their  distribution  in  the  Ordovician  and  Silurian 
rocks  indicate  a  zoned  aureole,  with  an  inner  zone  of  biotite  hornfels  and  cordierite 
hornfels  of  the  hornblende-hornfels  facies,  and  an  outer  zone  of  sericite  hornfels  of 
the  albite-epidote-hornfels  facies.  Compared  with  the  outer  zone,  the  inner  zone  is 
almost  everywhere  very  narrow,  ranging  from  a  few  inches  to  a  few  yards  in  width. 
However,  where  the  Cambrian  rocks  abut  against  the  granite,  the  zone  of  the 
hornblende-hornfels  facies  is  wider,  of  the  order  of  1 ,000  yds,  both  at  Mt  William 
and  at  Tooborac  (Singleton  1949,  p.  86-87).  This  results  either  from  the  presence 
of  granite  close  to  the  surface,  or  from  the  greater  reactivity  of  the  greenstones 
compared  to  the  sediments.  At  High  Camp,  the  Black  Range  consists  of  spotted 
cordierite  hornfels,  so  that  the  inner  zone  is  a  mile  wide. 

The  narrowness  of  the  inner  zone  shows  that  the  bulk  of  the  contact  meta¬ 
morphism  took  place  under  conditions  of  the  lowest  grade  of  temperature  and 
pressure,  the  conditions  of  the  albite-epidote-hornfels  facies.  A  high  level  of 
emplacement  in  the  crust  is  therefore  indicated. 

Intrusive  Rocks 

The  Cobaw  Granite  has  one  large  ring  of  coarse-grained  granite  G2,  with  a 
weakly  developed,  concentric,  platy  flow  structure,  surrounding  a  younger  body  of 
massive,  medium-grained  granodiorite  G3  (Fig.  2).  The  ring  has  been  breached 
by  a  later  intrusion  G4,  but  almost  certainly  it  originally  covered  a  full  360°. 
In  all  there  are  13  members  of  the  massif.  Four  small  igneous  bodies  are  situated 
outside  the  granite  ring,  apart  from  microgranite  dykes;  all  the  other  members  crop 
out  inside  the  ring.  No  cone  sheets  have  been  found. 

The  order  of  intrusion,  as  far  as  can  be  deduced  from  field  relationships  and 
petrographic  similarities,  is: 

( 1 )  Hypersthene  porphyrite  dyke  G 1 ,  at  Tooborac. 

(2)  Microgranodiorite  at  Tooborac,  porphyritic  microgranodiorite  at  Mt  Wil¬ 
liam,  and  porphyritic  microgranite  SE.  of  Tooborac. 

(3)  Granite  G2,  and  porphyritic  microgranite  between  Pyalong  and  Glenaroua. 

(4)  Porphyritic  microgranite  dykes. 

(5)  Granodiorite  G3. 

(6)  Porphyritic  granodiorite  G4,  of  the  Cobaw  Ranges. 

(7)  Porphyritic  microgranodiorite  dyke  3  miles  N.  of  Baynton. 

(8)  Porphyritic  microgranodiorite  of  O’Connor’s  Hill,  with  a  small  off-shoot 
i  mile  to  the  NE. 
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(9)  Porphyritic  granodiorite  of  Stony  Ck,  with  a  small  off-shoot  2  miles  to 
the  NE. 

(10)  Coarse-grained  granodiorite  plug  1  mile  SW.  of  Baynton. 

(11)  Eight  minor  intrusions  near  the  boundary  of  G4. 

(12)  Porphyritic  microgranodiorite  and  porphyritic  microdiorite  dykes  in  the 
W.  part  of  the  massif. 

(13)  Aplite,  pegmatite,  and  reef  quartz. 

The  evidence  of  the  relative  age  of  each  intrusion  is  discussed  individually. 
Petrographic  descriptions  are  summarized  in  Tables  1-6. 

(1)  Hypersthene  Porphyrite  Dyke  G1  (summarized  from  Singleton  1949) 

This  irregular  dyke  crops  out  W.  of  Tooborac,  and  is  4  miles  long  and  up  to 

i  mile  wide;  its  area  is  T5  square  miles  (Fig.  2).  The  trend  of  the  dyke  is  arcuate, 
and  the  curvature  is  nearly  parallel  to  the  arcuate  boundary  of  the  granite  to  the 
south.  There  are  several  smaller  bodies  at  the  E.  end,  and  many  small  dykes  and 
plugs  of  porphyrite  are  present  between  the  main  dyke  and  the  granite. 

The  dyke  has  been  metamorphosed  by  the  granite  (G2).  The  least  altered  rock, 
farthest  from  the  granite,  is  a  hypersthene  porphyrite — see  Table  1,  Pt  1.  Approach¬ 
ing  the  granite,  the  rock  lightens  in  colour  and  a  schistosity  appears.  Nearest  the 
granite  contact,  the  rock  is  thoroughly  schistose,  and  local  granitization  of  the 
schist  has  occurred  in  a  few  places. 

Only  xenoliths  of  sedimentary  origin  have  been  found  in  the  dyke.  As  the  other 
intrusions  in  the  Tooborac  area  contain  xenoliths  of  metamorphosed  porphyrite 
derived  from  the  dyke,  it  is  most  probable  that  the  hypersthene  porphyrite  is  the 
earliest  intrusion.  Its  own  metamorphic  effects  are  negligible. 

(2)  (i)  Microgranodiorite  at  Tooborac 

This  is  a  small,  irregular  mass,  1,000  yds  long  and  up  to  250  yds  wide,  which 
crops  out  at  the  eastern  end  of  the  hypersthene  porphyrite  Gl,  just  W.  of  Tooborac 
(Fig.  2).  Its  composition  is  given  in  Table  1,  Pt  2.  Rare  xenoliths  include  sedi¬ 
mentary  rocks  and  metamorphosed  hypersthene  porphyrite,  indicating  that  the 
microgranodiorite  is  younger  than  Gl.  The  western  end  of  the  microgranodiorite  is 
invaded  by  a  medium-grained  off-shoot  of  the  granite  G2  (Singleton  1949,  Fig.  3 
and  p.  94),  and  this  indicates  that  the  microgranodiorite  is  older  than  G2. 

(ii)  Porphyritic  Microgranodiorite  at  Mt  William 

This  rock  is  similar  to  the  microgranodiorite  at  Tooborac,  except  for  its  porphy¬ 
ritic  texture — see  Table  1,  Pt  3.  The  dyke  is  1,600  yds  long,  and  strikes  south¬ 
easterly  away  from  the  granite  (G2)  into  the  greenstones  of  Mt  William  (Fig.  2). 
The  biotite  flakes  show  a  faint  planar  parallelism,  and  the  dyke  carries  small 
xenoliths  of  greenstone.  A  few  1-inch  lenticles  of  quartz  are  also  present,  aligned 
parallel  to  the  biotite  flakes.  The  dyke  is  similar  in  texture  to  the  slightly  meta¬ 
morphosed  parts  of  the  hypersthene  porphyrite  dyke  at  Tooborac,  indicating  that 
some  recrystallization  took  place  during  the  intrusion  of  G2.  Hence,  this  dyke  is 
older  than  the  granite,  and  possibly  contemporaneous  with  the  microgranodiorite  at 
Tooborac. 

(iii)  Porphyritic  Microgranite  3  Miles  SE.  of  Tooborac 

At  this  locality,  at  the  contact  of  the  granite  G2,  and  the  country  rock,  the 
granite  intruded  between  closely  jointed  blocks  of  a  white,  fine-grained,  porphyritic 
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Table  1 

Dyke  rocks  intruded  before  granite,  G2,  of  ring 
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*&ti 

^rsthene  porphyrite. 
Gl  (from  Singleton' 
1*9). 


metamorph°sed 
^pe rstheoe  porphy  ri  te 


Phenocrysts  up  to  5  mm 
across  In  fine-grained 
groundmass. 


Quartz  (rare);  Calcic andesine; 
strongly  zoned  from  An^  (core)  to 
1  ;  commonly  veined  and  rimmed 

,tn  aligoclaae,  An^; 

Groundmass: 


2 


3- 


SaStT- 


rite  at 
fooborac  (from  Single- 
1949) 


Spotted  appearance,  fine¬ 

grained  groundmass. 


Lighter  grey  colour;  fine¬ 

grained  groundmass  is 
schistose  or  grano- 
blastlc. 


Fine-grained  ground- 

mass,  schistose  or 
granoblastlc. 


[5t3 

S>hyrlti 


ltfc  micrograno- 
•orlte  at  Mt  William 
!fr.S.  8367) 


Fine-grained,  has  a  few 
phenocrysts  up  to  12  mm 
across. 


Phenocrysts  up  to  4  mm 
across  in  fine-grained 
groundmass. 


MINERAL 


CONTENT 


Phenocrysts: 


Quartz,  Orthoclase,  Plagioclase, 
ftiotite  (pale  yello^), 


Secondaries: 

Blotite:  Chlorite  (after  blotite); 

Hypersthene  Muscovite  (possibly  after 
plagioclase). 

Accessories: 

llmenito.  Apatite,  Zircon,  Pyrite  (rare). 


REMARKS 


Phenocrysts: 


Andesine:  zoned  from  An^  (core)  to 
An35>  In  aggregates;  ollgoclase  rims 
(An  )  are  wider;  commonly  assoc- 
atea  with  clots  of  blotite; 


Groundmass: 


Quartz  and  feldspar  intergrowths  ; 
Blotite. 


Secondaries: 

Btotite  A  brown,  isotropic  material 
(primary)  Is  present  in  the  cores  of 
plagioclase  crystals;  some 
have  muscovite  flakes 
associated. 

Accessory: 

Iron  ore  (disseminated  through  ground- 
mass). 


Phenocrysts: 


Blotite 

calcic  ollgoclase  (An„),Kh  aggregates;  (clots), 
ollgoclase  rims  (An  1  are  wider; 
quartz  is  associated; 

Groundmass  t 


Blotite  phenocrysts  are  generally 
secondary  after  ilmenite,  but  a  minor 
modification  has  primary  biotite 
phenocrysts  and  no  hypersthene. 
Hypersthene  is  usually  rimmed  by  sec¬ 
ondary  biotite,  llmenito,  and  rare  green 
hornblende. 


Hypersthene  is  completely  replaced  by 
clots  of  yellow  to  dark  brown  biotite; 
apatite,  ilmenite,  and  rare  green  horn¬ 
blende  are  associated. 


Clots  of  biotite  (after  hypersthene)  are 
more  scattered,  flakes  are  larger; 
small  amounts  of  green  hornblende 
apatite,  and  sphene  are  associated,  but 
no  ilmenite. 


In  tor  growths  of  quartz,  orthoclase,  and  ollgoclase;  Blotite. 


Blastophenocrysts  (or  Porphvroblasts): 


Jacketed  plagioclase:  cores  are  zoned  from  sodlc 


andesine  (An3J)  to  calcic  ollgoclase  (An. 
ollgoclase  rims  are  An, 


30' 


Biotite  (redder 
stages  1  and  2). 


Groundmass: 


20’ 


Accessories: 

Quartz,  orthoclase,  ollgoclase,  Biotite.  Ilmenite,  Apatite,  Zircon,  Tourmaline, 
Hornblende. _ 


Phenocrysts: 


Hornblende;  prismatic,  not  abundant, 
Groundmass: 


Quartz;  Orthoclase;  plagioclase,  zoned  from  calcic  Blotite;  Hornblende 


andOHlne  (core,  An^,.)  to  sodic  ollgoclase  (An 
Accessories: 


15 


Iron  ore.  Zircon,  Apatite,  Sphene,  Allanlte 
Secondaries: 


Rare  aggregates  of  colourless,  fibrous  amphibole  are  possibly  after  pyroxene. 


Phenocrysts: 


Secondaries: 

Quartz;  Andesine  (aggregates  of  several  Chlorite  (after  biotite); 

individuals) ;  Biotite.  Sericlte  (after  plagioclase) 

Groundmass:  Accessories: 

Quartz;  Orthoclase;  Biotite.  Zircon,  Hematite,  Apatite,  Magnetite. 


Large  garnets  are  present  in  one  thin 
section  from  Hayes’  Hill. 


Some  interstitial  blebs  of  myrmekite 

and  a  few  large  poikiliths  of  orthoclase 
are  present. 

Modal  Composition: 

Quartz  16% 

Orthoclase  11 
Plagioclase  50 
Blotite  20 

Hornblende  3 

100  Accessories  0.1% 


Slightly  metamorphosed. 


'ART  4 

norphosed  porphy- 
htic  microgranite  (T.S. 
8374). 


Blastoporphyrltic,  fine¬ 
grained  groundmass. 


BlaBtophenocry  sts : 


Quartz  (anhedral,  and  deeply  embayed) 
Ollgoclase  (anhedral). 

Groundmass:  Accessory 

Quartz;  Orthoclase;  Biotite  (rare):  Ilmenite. 

Muscovite. 


Orthoclase  (anhedral); 


Groundmass  has  patches  of  different 

grain-size. 


microgranite.  The  rock  has  been  thoroughly  recrystallized  (see  Table  1,  Pt  4), 
and  must  be  earlier  than  G2. 

(3)  (i)  Granite  G2 

This  is  the  second-largest  intrusion  in  the  Cobaw  Granite;  its  exposed  area  is 
617  square  miles.  It  forms  a  nearly  complete  ring  around  the  granodiorite  G3,  and 
varies  in  width  from  a  minimum  of  400  yds  N.  of  Baynton  to  a  maximum  of 
2-8  miles  at  High  Camp  and  Piper’s  Ck.  The  average  width  is  12  miles.  The 
western  contact  with  the  country  rock  is  concealed  beneath  Tertiary  basalt,  so  here 
the  ring  appears  narrower.  North  of  Cobaw,  the  granite  ring  is  interrupted  by  the 
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porphyritic  granodiorite  G4,  of  the  Cobaw  Ranges  (Fig.  2).  However,  as  the 
granodiorite  carries  xenoliths  of  granite,  and  also  large  perthite  phenocrysts,  it 
seems  very  probable  that  the  granite  originally  extended  through  this  area,  and  was 
breached  by  G4. 

Exposures  of  fresh  granite  are  rare.  Near  Kyneton,  the  granite  is  pale  grey  and 
porphyritic,  with  1"  phenocrysts  of  perthite  set  up  to  2"  apart  in  a  grey,  medium- 
grained  matrix.  Near  High  Camp,  the  rock  is  bluish  grey  and  not  notably  por¬ 
phyritic,  though  its  grain-size  is  uneven.  The  weathered  granite  seen  elsewhere  is  a 
coarse-grained,  quartz-rich  rock,  in  which  perthite  phenocrysts  are  abundant.  Good 
exposures  of  the  granite  are  found  in  Mollison’s  Ck  at  Pyalong,  and  in  the  creek 
I  mile  E.  of  Sugarloaf  Hill,  Sidonia. 

The  petrographic  description  of  the  granite  is  set  out  in  Table  2,  Pt  1.  The 
ratio  of  K-felspar  to  plagioclase  places  the  rock  among  the  calc-alkaline  granites 
of  Nockolds  (1954). 


Table  2 


Granite,  G2,  and  dyke  rocks  intruded  before  granodiorite,  G3 


ROCK 

TEXTURE 

MINERAL  CONTENT 

REMARKS 

PART  1 

Granite  of  ring,  G2  (calc 
alkaline  granite.  T.S. 
8327-8346  incl.). 

Phenocrysts  up  to  25mm 
long,  in  coarse-grained 
groundmass. 

Phenocrysts:  Perthite:  Carlsbad  twinnintr  is  common. 

Groundmass: 

Quartz  (contains  in-  Perthite  (exsolved  plagio-  Sodic  andeslne,  An^; 

numerable,  minute,  clase  Is  An  ,  calcic  where  zoned,  cores  are 

irregular  inclusions) ;  albite);  usually  carlsbad  middle  andeslne.  An  0,  and 

twinned;  rims  are  calcic  oligoclaso, 

An26* 

Biotlte;  X*  pale  straw  yellow.  Accessories: 

Y*  Z=  deep  red-brown;  usually  in  Zircon,  Apatite,  Magnetite,  Altanite, 

aggregates  Hematite,  Muscovite  (primary),  Garnet, 

Hornblende,  Rutile,  Monazito. 

Secondaries: 

Kaolin  (after  orthoclase);  Sericite  (after  plagioclase);  Chlorite  and  rare  sphone 
(after  biotite);  Muscovite  (after  both  feldspars);  Llmonite  staining. 

Muscovite  is  present  in  two  P 

1.  Large,  anhedral  crystals  with t*4* 
cleavage  well  ahawn>  regard' 
primary. 

2.  Complex,  irregularwebs.orskn” 
crystals,  or  groups  of  small  c*7lU 
in  feldapar;  regarded  Os  secant 

Sericite  has  formed  in  the  cor** 
plagioclaso  crystals. 

Modal  Composition:  granite  of  Too^ 
area,  from  Singleton  (1949, 
corrected  to  100%. 

Quartz  43^ 

Perthite  32 

Plagioclase  ig 

Biotite  7 

100  Accessories  (!.•* 

PART  2 

Porphyritic  microgranite 
(chilled  border  phase, 
T.S.  8368-8371,  incl.). 

Glomerophcnocrysts  in 
fine-grained,  allotrto- 
morphlc  groundmass. 

Phenocrysts: 

Quartz,  Orthoclase,  Oligoclase,  Biotlte. 

Groundmass:  Accessory: 

Quartz,  Orthoclase,  Oligoclase,  Magnetite. 

Biotite,  Muscovite. 

Phenocrysts  are  absent  from  the mi^1” 
granite  east  of  Back  Creek. 

PART  3 

Porphyritic  microgranite 
between  Pyalong  and 
Glenaroua  (T.S.  8475). 

Phenocrysts  up  to  5  mm 
across  in  fine-grained 
groundmass. 

Phenocrysts:  Accessories: 

Quartz,  Orthoclase,  Oligoclase.  Biotite  Muscovite,  Magnetite,  Zircon,  Apatite, 
Groundmass:  Secondaries: 

Quartz, Orthoclase, Oligoclase. Biotlte  Chlorite  (after  biotite). 

PART  4 

Porphyritic  microgranite 
dykes: 

1,  Most  easterly  dyke 
(T.S.  8372). 

Phenocrysts  up  to  6  mm 
across  in  fine-grained 
groundmass. 

Phenocrysts:  Accessories: 

Quartz  (bipyramidal),  Orthoclase,  Garnet,  Topaz,  Zircon. 

Oligoclase. 

Groundmass:  Secondaries: 

Quartz,  Orthoclase,  Oligoclase,  Llmonite,  Chlorite. 

Biotite,  Muscovite. 

Biotlte  has  been  largely  replace^ 
chlorite. 

2.  Spherulitic  grano- 
phyre  on  north  bank 
of  Jew’s  Harp  Creek 
(T.S.  8373). 

Partly  porphyritic  (see 
remarks). 

Phenocrysts:  Secondaries: 

Quartz  (rounded  and  embayed):  Orthoclase  (abundant,  forms  Chlorite, 

spherulites);  Andeslne  (serlcltlzed) ;  Biotite  (green,  not  common).  Leucoxene, 

Sericite. 

Groundmass:  Accessories: 

Quartz,  Orthoclase,  Muscovite.  Zlroon,  Apatite,  Calcite. 

Chlorite  pseudomorpha  after  biotite11 
pyroxene  phenocrysts  are  comtnom 
Calcite  is  present  os  discrete  crysO15 
Groundmass  is  subordinate  to  pb* 
crysts  and  spherulites,  and  forms  th¬ 
ereto  patches. 

The  country  rocks  in  general  are  undisturbed  right  up  to  the  granite,  and  the 
contact  of  the  two  rocks  is  sharp  and  transgressive,  except  where  local  felspathiza- 
tion  has  occurred  in  Mclvor  Ck  at  Tooborac  (PI.  32,  fig.  1).  In  this  area,  veining 
of  the  country  rock  by  the  granite  is  sufficiently  extensive  to  resemble  a  ‘stockwerk’ 
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(Singleton  1949).  In  Mollison’s  Ck  at  Pyalong,  a  small  granite  tongue  intrudes  the 
Silurian  sediments  parallel  to  the  strike,  and  sends  a  number  of  veins  of  pegmatitic 
granite  into  joints  and  along  bedding  planes. 

Xenoliths  are  present  throughout  the  granite,  but  are  not  plentiful.  They  are 
described  later  in  the  section  on  xenoliths. 

The  granite  has  been  little  affected  by  the  later  granodiorite  G3,  but  W.  of 
Ben  Loch,  close  to  G4,  the  granite  G2  is  much  finer-grained  than  normal,  and 
has  an  aplitic  appearance.  In  thin  section  (TS  8350),  the  rock  is  seen  to  be 
porphyritic,  with  phenocrysts  of  quartz,  orthoclase,  oligoclase,  and  biotite,  in  an 
aplitic  groundmass  of  the  same  minerals.  Unlike  the  biotite  phenocrysts  in  the 
chilled  border  phase  (Table  2,  Pt  2)  the  prism  faces  of  the  biotite  crystals  are 
wispy  and  shredded,  and  this  suggests  that  heating  has  occurred,  for  biotite  is  the 
first  mineral  in  a  granite  to  show  effects  of  thermal  metamorphism  (Harker  1939, 
p.  114).  . 

The  ring  of  granite  G2  is  older  than  the  granodiorite  G3,  on  the  direct  evidence 
of  dykes  of  granodiorite  and  porphyritic  microgranodiorite  of  G3  which  invade  the 
granite,  particularly  at  Sugarloaf  Hill,  Sidonia  (Fig.  2,  and  PI.  32,  fig.  2);  these 
are  described  later.  Other  reasons  are  given  in  the  section  on  G3. 

(ii)  Chilled  Border  Phase 

This  rock  is  found  in  patches  along  the  northern  contact  of  the  granite  with  the 
country  rock,  and  consists  generally  of  porphyritic  microgranite  (Table  2,  Pt  2). 
Microgranite  extends  for  i  mile  along  the  outer  contact  E.  of  Back  Ck  (Fig.  2), 
but  generally  the  chilled  border  phase  forms  a  body  only  a  few  yards  in  extent. 

(iii)  Large  Dyke  West  of  Tooborac 

Described  and  mapped  by  Singleton  (1949),  this  dyke  is  similar  to  the  granite 
of  the  ring,  but  is  medium-grained  and  equigranular,  and  has  no  flow  structure 
visible.  There  are  three  off-shoots  at  the  eastern  end,  and  many  smaller  scattered 
plugs  are  also  present  here  (Fig.  2). 

(iv)  Porphyritic  Microgranite  between  Pyalong  and  Glenaroua 

This  stock  is  roughly  rectangular  (Fig.  2);  its  length  is  2  9  miles,  its  width 
1  mile,  and  the  area  2*6  square  miles.  The  composition  of  the  body  is  shown  in 
Table  2,  Pt  3.  The  microgranite  contains  very  few  xenoliths,  and  its  contact 
metamorphic  effects  have  not  been  sufficient  to  produce  a  resistant  ridge,  although 
the  northern  boundary  of  the  stock  is  exposed  along  the  southern  end  of  a 
prominent  range  of  hills,  which  extends  for  31  miles  to  the  north.  Aplite  in  masses 
several  yards  across  is  present  along  the  northern  margin  of  the  microgranite. 

(4)  (i)  Porphyritic  Microgranite  Dykes 

Five  dykes  of  porphyritic  microgranite  strike  N.  for  various  distances  from  the 
northern  boundary  of  the  granite.  These  are  the  ‘elvan  dykes’  shown  on  the  quarter 
sheets  51/SW.  and  13/SE.  The  petrography  of  the  dykes  is  given  in  Table  2,  Pt  4. 
The  most  easterly  dyke,  which  strikes  N.  for  3i  miles  and  is  about  100  yds  wide, 
carries  bipyramidal  quartz,  and  some  garnet  and  topaz;  the  longest  dyke  also 
contains  bipyramidal  phenocrysts  of  quartz.  The  dyke  on  the  N.  bank  of  Jew’s 
Harp  Ck  is  an  excellent  example  of  a  spherulitic  granophyre,  and  contains  a  few 
euhedral  crystals  of  calcite. 
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(ii)  Metamorphosed  Dykes 

Some  apparently  normal  dyke  rocks  proved  on  thin  sectioning  to  have  a  meta- 
morphic  texture,  exactly  as  in  the  xenoliths  in  G2  and  G3;  small  crystals  of  ferro- 
magnesian  minerals  are  subidioblastic,  and  the  small  felspar  grains  are  idioblastic. 
Large  poikiloblasts  of  quartz  and  plagioclase  are  common. 

In  a  typical  example  from  miles  NNE.  of  Piper’s  Ck  (TS  8383,  8384),  it  is 
difficult  to  tell  which  of  the  large  crystals  of  Quartz  and  plagioclase  may  be  por- 
phyroblasts,  and  which  blastophenocrysts.  Crenulate  margins  are  present  between 
the  crystals  and  the  undisturbed  groundmass,  and  this  indicates  an  origin  by 
replacement.  Other  crystals  have  clearly  pushed  aside  the  small  surrounding  grains, 
so  that  the  rock  was  softened  at  some  stage. 

Another  example,  2  miles  NW.  of  Piper’s  Ck,  forms  a  patch  of  small,  fine¬ 
grained  boulders  at  the  contact  of  G2  and  G3.  The  thin  sections  (TS  8385,  8386) 
show  a  small  sedimentary  xenolith  included  in  the  metamorphosed  porphyritic 
microgranodiorite.  On  the  Ridge  Rd  in  the  Cobaw  Ranges,  2i  miles  WNW.  of 
Ben  Loch,  a  group  of  large  boulders,  with  steep  W.-dipping  joints,  is  composed  of 
metamorphosed  microgranodiorite  (TS  8387),  which  carries  small  basic  xenoliths. 

Four  exposures  of  metamorphosed  dyke  rocks  were  found  in  the  granodiorite 
G3,  along  the  S.  margin  of  the  porphyritic  granodiorite  of  Stony  Ck.  The  exposures 
form  a  strip  which  strikes  NE.  for  2  miles  (Fig.  2).  The  rocks  are  hornblende- 
bearing  (TS  8388-8390  incl.),  and  so  the  four  exposures  are  probably  the  remains 
of  a  large  dyke,  and  not  a  resistant  bed  of  sedimentary  country  rock,  as  hornblende 
is  absent  from  the  normal  sedimentary  xenoliths,  and  from  the  hornfelses  in  the 
contact  aureole.  In  addition,  the  most  westerly  outcrop  itself  carries  a  ‘second- 
cycle’  xenolith. 

These  metamorphosed  dyke  rocks  are  apparently  rafts  and  large  xenoliths  in 
G3  and  G4,  and  so  are  older  than  these  bodies. 

(5)  (i)  Granodiorite  G3 

This  rock  forms  the  bulk  of  the  Cobaw  Granite,  and  crops  out  within  the  ring 
of  granite  G2.  The  whole  mass  of  granodiorite  has  a  subrectangular  shape,  and  the 
ends  are  almost  perfectly  semicircular  (Fig.  2).  It  has  an  area  of  127  square  miles, 
excluding  the  areas  of  the  intrusions  at  Stony  Ck  and  O’Connor’s  Hill. 

The  typical  granodiorite  is  a  handsome,  medium-grained,  speckled  rock.  Fresh 
specimens  are  pale  bluish  grey,  and  slight  variations  in  grain-size  are  ubiquitous. 
The  rock  is  described  in  Table  3,  Pt  1.  Xenoliths  are  plentiful  throughout  the 
granodiorite,  and  are  discussed  later  in  the  section  on  xenoliths. 

An  adamellite  phase  is  present  in  the  centre  of  the  eastern  half  of  the  granodiorite 
(Fig.  2,  Table  3,  Pt  2).  The  adamellite  is  more  leucocratic  than  the  granodiorite, 
and  contains  70%  felspar  and  6%  ferromagnesians  against  52%  and  10%  for 
the  typical  granodiorite.  Otherwise  the  mineralogy  is  the  same  as  that  of  the  grano¬ 
diorite,  the  grain-size  is  only  slightly  finer,  and  xenoliths  in  the  adamellite  are  as 
numerous  as  in  the  main  body  of  the  granodiorite.  No  contact  between  the  two 
rock-types  was  ever  seen  in  the  field.  Similar  occurrences  have  been  reported  by 
Pitcher  (1953),  and  mentioned  by  Balk  (1937,  p.  67-68). 

The  granodiorite  E.  of  O’Connor’s  Hill  and  N.  of  the  Cobaw  Ranges  is  coarser- 
grained  than  the  typical  granodiorite  G3,  and  also  carries  12  mm  phenocrysts  of 
plagioclase  and  some  of  perthite.  No  boundary  with  the  main  granodiorite  was 
found;  there  was  merely  a  gradual  decrease  of  the  phenocrysts  away  from  this  area, 
suggesting  that  this  phase  is  similar  in  its  occurrence  to  the  adamellite  phase.  The 
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Granodiorite ,  G3,  and  granodiorite  of  Cobaw  Ranges ,  G4 
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ROCK 


rite,  G3  (main 
ri  of  massif,  Inside 
of  granite,  G2;  • 
a.  6203-8240  Incl.). 


TEXTURE 


Medium-grained,  equi- 
granular,  hypldloraorphlc 


Modal  Composition: 

Quartz  38% 

Mlcroperthite  17 

Andeslne  35 

Biotlte  9 

Hornblende  1— 

100 

Others  °*2 

Total  feldspar  *  52%, 

Total  ferromagnesians  *=  10%. 


’Art  2 

^aeiltte  phase  in 
*Utera  half  of  grano- 
G3  (T.S.  8241- 
lad,). 


*‘-KT  3 


^rpbyrlUc  granodiorite, 
of  the  Cobaw  Ranges, 
(Tj.  8278-8299  incl., 
*5*18321). 


Medium-grained,  equi- 
granular. 


Essentials: 


Quartz;  contains  In-  mlcroperthlte;  Carlsbad  Middle  andeslne,  An3g; 
numerable  tiny,  irregular  twinning  is  rare;  accom-  where  zoned,  cores  are 


REMARKS 


inclusions,  and  somo 
needles  of  ?rutile. 


panled  by  mlcrocllne  in  a  calcic  andesine  (An44) ,  and 
few  thin  sections,  but  this  rims  are  calcic  ollgoclase 
is  uncommon.  (An-J.  Some  oscillatory 

zoning  present,  and  also 
Jacketing  of  andesino  by 
more  sodic  plagioolase. 
Hornblende:  prisms  up  to  Secondaries: 

7mm  long;  generally 
X=pale  yellow-green 
Y=  olive  green. 


Biotite;  two  pleochronlc 
varieties  are  present: 

1.  X»pale  straw  yellow, 

Y«  Z*dark  greenish 
brown  (western  half  of  Z“dark  green;  In  some 
G3);  thin  sections, 

2.  X=  pale  brownish  X- greenish  brown, 

yellow,  Y*  reddish  brown, 

Y»  Z*dark  reddish  Z=  red  brown, 

brown  (eastern  half  of 

G3). 

Accessories: 


Chlorite  and  spbene  (after 
biotlte), 

Sericite  (after plagioolase), 
Kaolin  (after  orthoclase) 

T  re  mol  i  to  and  uctinolite 
(after  pyroxene), 

Calclte, 

Muscovite, 

Limoni  te. 


Zircon,  Apatite,  Allanlte.  Magnetite,  Ilmenlte,  Hematite,  Sphene,  Augite, Garnet, 
Epldote,  Clinozoisite,  Pyrlte,  Chalcopyrite. 


Some  micrographic  In  ter  growth.  oT 

quartz  and  orthoclase  is  present  in  a 
few  thin  sections. 

Allanlte  crystals  reach  2mm  In  length, 
and  fresh  specimens  show  concentric 
zoning. 

Primary  sphene  is  anhedral,  and 
appears  to  be  a  late-slage  mineral. 
Augite  is  found  only  as  remnants  in¬ 
side  aggregates  of  tremolite  and 
actinollte. 

Garnet  Is  colourless  and  unaltered. 
Pyrlte  Is  always  rimmed  with  hematite. 
Sericite  Is  found  in  every  thin  section, 
and  has  formed  in  the  most  calcic 
parts  of  the  plagioolase  crystals. 
Chlorite  Is  very  common  alter  biotlte 
and  is  almost  invariably  accompanied 
by  grains  of  sphene  In  strings  along 
the  cleavage  of  the  original  biotlte. 
Calclte  forms  discrete  crystals  in  some 
thin  sections. 

Uralitic  aggregates  after  pyroxene  have 
cores  of  colourless  tremolite,  sur¬ 
rounded  by  green  actlnolite,  and  rim- 
med  with  dark  green  hornblende, 


As  for  granodiorite  G3  (see  above). 


Phenocrysts: 


pART4 

Granodiorite  border 
J*Mse  of  G4  (T.S.  8300- 
8309  Incl.), 


Phenocrysts  up  to  40  mm 
long  In  medium  to 
coarse-grained  ground- 
mass. 


Quartz  (up  to  5mm 
across); 


Quartz,  Orthoclase,  Andeslne,  Biotlte,  Hornblende 
Accessories: 


Medium-grained, 

equigranular. 


Perthite  (up  to  40  mm 

long) ;  exsolved  plagio- 
clase  Is  albite  An  ; 
generally  Carlsbacf 
twinned. 


Zircon,  Apatite,  Augite,  Sphene.  Allanlte, 
MagneUte.llmenlte,  Epldote,  Hematite,  Pyrlte. 


Andesine;  Biotite  (rare); 

Hornblende  (rare). 


Secondaries: 

Chlorite  and  sphene  (after 
biotite),  sericite  (after 
plagloclase).  Kaolin  (after 
orthoclase),  Muscovite 


Quartz,  Orthoclase,  Andeslne,  Biotlte.- 

Accessories  t 


/Vs  for  G4  (above),  plus  Hornblende, 


Secondaries: 

As  for  G4  (above). 


Modal  Composition  (average 
8243  and  8244): 

Quartz  24% 

Mlcroperthlte  29 


of  T.S. 


Andesino 

Biotite 


41 


Hornblende 

Others 


100 
0.1 
0.2 

Total  feldspar  »  70%, 

Total  ferromagnesians  •  6% 

Augite  Is  replaced  directly  by.  horn¬ 


blende,  (In  contrast  to  G3). 

Modal  Composition  (average  of  T.S, 
8290  and  8321): 


Quartz 

Orthoclase 

34% 

22 

This  analysis 

Andeslne 

35 

excludes  the 

Biotite 

8 

large  perthite 

Hornblende 

1 

phenocrysts. 

Others 

100 

0.3 

Modal  Composition  (average  of  T.S* 
8305  and  8306): 

Quartz  33% 

Orthoclase  24 
Andesine  37  Hornblende  0.3% 

Biotite  _ Others  0.1% 

100 


coarser  granodiorite  (TS  8326)  has  less  perthite  and  more  andesine  than  the  typical 
granodiorite,  otherwise  the  rocks  are  similar.  The  phenocrysts  and  xenoliths  have 
a  vertical  planar  orientation  at  one  locality  (Fig.  8). 


Dykes  of  Granodiorite  G3  which  intrude  the  Granite  G2 

There  are  at  least  two  of  these  dykes;  the  larger  one  at  Sidonia  (Fig.  2)  extends 
for  li  miles  E.  from  Sugarloaf  Hill,  and  the  smaller  dyke,  situated  4i  miles  NE.  of 
Baynton  and  1  mile  E.  of  Back  Ck,  is  i  mile  long.  Both  dykes  are  parallel  to  the 
contact  of  G3  with  G2. 
c 
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The  dyke  at  Sidonia  provides  the  best  evidence  that  the  granodiorite  G3  intrudes 
the  ring  of  granite  G2,  and  hence  is  younger.  The  western  half  of  the  dyke  is 
identical  with  the  typical  granodiorite  G3,  both  in  hand-specimen  and  in  thin 
section.  East  of  Sugarloaf  Hill,  the  dyke  divides  into  two  parallel  branches,  and  a 
third,  smaller  off-shoot  trends  S.  Several  excellent  exposures  of  the  contacts  of  the 
granite  and  the  granodiorite  can  be  seen  in  the  creek  J  mile  E.  of  the  hill  (PI.  33; 
and  PI.  34,  fig.  1),  and  both  branches  dip  at  45°  S.  towards  the  main  granodiorite. 
Xenoliths  of  granite  are  present  in  the  granodiorite,  and  there  are  many  places 
where  the  granodiorite  of  the  S.-trending  off-shoot  transects  the  E.-W.  planar 
orientation  of  the  perthite  phenocrysts  in  the  granite  (see  below). 

E.  of  the  creek,  the  N.  branch  of  the  granodiorite  dyke  is  very  narrow,  and  has 
branches  and  anabranches  a  few  feet  across.  These  contain  many  granite  xenoliths 
and  xenocrysts  of  perthite  derived  from  the  granite. 

The  bulk  of  the  dyke  is  similar  to  typical  granodiorite  G3  both  in  texture  and 
mineralogy — i.e.  it  consists  of  quartz,  andesine,  orthoclase,  and  biotite,  and  the 
usual  accessories  (TS  8258,  8259).  Towards  the  eastern  end,  hornblende  is  absent, 
and  the  rock  is  porphyritic  and  very  similar  to  the  much  smaller  dyke  which  intrudes 
the  granite  3  miles  N.  of  Baynton  (described  below).  The  biotite  flakes  have  a 
planar  orientation  which  is  parallel  to  the  margins  of  the  dyke. 

The  other  tongue  of  granodiorite,  44  miles  NE.  of  Baynton,  is  much  smaller 
and  not  nearly  as  well  exposed.  It  lacks  hornblende,  but  otherwise  is  typical  medium¬ 
grained  granodiorite  (TS  8261-8263). 

Several  dykes  of  porphyritic  microgranodiorite,  which  are  directly  connected 
with  the  main  granodiorite  body,  intrude  the  granite  at  a  locality  14  miles  SW.  of 
Hayes’s  Hill.  The  dykes  arc  3  or  4  ft  wide,  and  contain  xenoliths  of  granite  and 
country  rock.  These  dykes  cut  across  the  planar  structure  of  the  granite,  and  the 
biotite  flakes  in  the  microgranodiorite  have  a  planar  orientation  of  their  own, 
parallel  to  the  walls  of  the  dykes.  The  dykes  have  aplitic  edges,  and  are  somewhat 
heterogeneous;  they  contain  biotite-rich  schlieren,  coarse  patches,  fine  patches,  and 
non-porphyritic  patches.  Small  irregular  veins  of  microgranodiorite  have  been 
injected  into  the  granite. 

In  general,  the  contact  of  G3  with  G2  is  concealed,  but  where  exposed  it  is 
sharp  and  distinct.  The  contact  surface  is  smooth  and  even,  but  seldom  maintains 
a  constant  direction  for  more  than  a  few  feet.  Apophyses  of  granodiorite  invade  the 
granite  in  many  places,  and  in  these  the  rock  is  commonly  porphyritic.  A  vein  of 
aplite  up  to  1"  wide  occurs  between  the  granite  and  the  granodiorite,  but  it  is 
usually  associated  with  the  smaller  apophyses  rather  than  with  the  main  contact 
of  the  two  rocks.  A  similar  feature  has  been  noted  by  Pitcher  (1953)  in  the  Rosses 
granitic  complex. 

The  granodiorite  G3  is  younger  than  the  granite  G2  for  the  following  reasons: 

(i)  At  Sidonia,  a  large  forked  dyke  of  granodiorite  G3  intrudes  G2  (Fig.  2); 
it  contains  xenoliths  of  granite  (  PI.  34,  fig.  1 ),  and  has  a  platy  flow  structure  parallel 
to  the  contacts  with  the  granite.  A  S.-trending  off-shoot  of  this  dyke  cuts  cleanly 
across  the  planar  structure  in  the  granite. 

(ii)  At  many  other  localities  along  the  contact  of  G2  and  G3,  the  granodiorite 
cuts  across  the  planar  structure  of  the  granite. 

(iii)  Near  the  contact  SW.  of  Hayes’s  Hill,  three  detached  blocks  of  granite, 
each  measuring  several  yards  across,  are  enclosed  in  the  granodiorite  (Fig.  2). 
The  largest  appears  to  have  moved  only  a  short  distance  from  its  original  position, 
as  it  fits  into  a  corresponding  embayment  in  the  main  body  of  the  granite. 
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(6)  PORPHYRITIC  GRANODIORITE  OF  THE  COBAW  RANGES  G4 

This  intrusion,  which  crops  out  N.  of  Cobaw,  has  an  area  of  about  15  square 
miles,  and  is  elongated  parallel  to  the  main  axis  of  the  Cobaw  Granite  (Fig.  2). 
It  interrupts  the  southern  part  of  the  granite  ring  for  6  miles.  Owing  to  dense  forest 
cover,  the  only  fresh  exposures  are  provided  by  recently  blasted  boulders  along  the 
Ridge  Rd.  . 

The  granodiorite  is  medium  to  coarse-grained,  and  in  contrast  to  the  speckled 
blue-grey  granodiorite  G3,  fresh  specimens  are  a  smoky  blue-green,  and  contain 
large^salmon-pink  phenocrysts  of  perthite,  ranging  from  15  mm  to  40  mm  long. 
Smaller  phenocrysts  of  quartz  and  plagioclase  are  up  to  5  mm  across  (Table  3, 
Pt  3).  The  perthite  phenocrysts  are  abundant  in  some  places  and  fewer  in  others. 
They  appear  to  be  particularly  common  and  at  their  largest  in  the  middle  of  the 
intrusion.  Small  microgranodiorite  dykes,  about  2"  wide,  cut  the  granodiorite  at  one 
or  two  localities.  The  dykes  have  transitional  margins  with  the  host  rock,  and 
in  places  are  accompanied  by  basic  schlieren  and  elongate  masses  of  pegmatite  1  to 
2  ft  across. 

The  contact  between  G4  and  the  Ordovician  country  rock  is  sharp  and  trans¬ 
gressive,  and  the  sediments  are  undisturbed.  The  eastern  junction  of  G4  and  the 
granite  G2  is  similarly  cross-cutting;  the  western  junction  is  not  exposed.  However, 
the  contact  of  G4  and  the  granodiorite  G3  is  a  zone  of  transition  some  hundreds 
of  yards  wide. 

Along  the  southern  and  eastern  margins  of  G4,  the  granodiorite  is  non-porphy- 
ritic;  both  the  large  perthite  crystals  and  the  smaller  quartz  and  plagioclase  pheno¬ 
crysts  are  absent  and  the  rock  is  evenly  medium-grained.  Otherwise,  the  grano¬ 
diorite  has  the  same  mineralogy  and  mode  (Table  3,  Pt  4)  as  the  bulk  of  the 
intrusion,  and  the  reason  for  the  absence  of  phenocrysts  is  not  fully  understood. 
However,  the  slightly  greater  abundance  of  the  large  perthite  phenocrysts  in  the 
centre  of  the  intrusion,  in  line  with  the  ring  of  granite  G2,  indicates  that  they  may 
be  xenocrysts  derived  from  the  granite,  and  their  large  size  suggests  that  some 
assimilation  of  the  granite  G2  by  the  granodiorite  G4  occurred.  Their  numbers 
could  then  be  expected  to  lessen  away  from  the  region  of  assimilation,  and  this  is 
found  to  be  the  case. 

Rare  xenoliths  in  G4  are  of  two  types:  coarse-grained  granite,  and  medium  to 
coarse-grained  ‘dioritic’  rock.  The  first  type  are  identical  in  appearance  with  the 
granite  G2  of  the  ring,  and  must  have  been  stoped  off  during  the  intrusion  of  G4. 
The  second  type  have  a  very  pale  speckled  appearance,  and  consist  essentially  of 
orthoclase  and  andesine,  the  latter  much  sericitized  (TS  8416).  The  other  minerals 
present  are  mainly  quartz,  biotite  (almost  completely  altered  to  chlorite  and  sphene), 
and  hornblende  (practically  unaltered).  The  origin  of  these  xenoliths  is  not  known. 

As  G4  has  a  transitional  contact  with  G3,  it  must  have  been  emplaced  soon 
after  the  latter,  and  before  the  granodiorites  of  O’Connor’s  Hill  and  Stony  Ck,  as 
these  have  much  sharper  contacts  with  G3. 

(7)  Porphyritic  Microgranodiorite  Dyke  N.  of  Baynton 

This  dyke,  which  may  be  a  direct  and  contemporaneous  off-shoot  from  the 
granodiorite  G3,  crops  out  3  miles  N.  of  Baynton.  It  is  970  yds  long,  and  three 
small  isolated  outcrops  of  the  same  rock-type  are  exposed  within  600  yds  of  the 
eastern  end  (Fig.  3).  The  rock  is  pale  grey,  of  medium  to  fine  grain,  and  porphy¬ 
ritic.  Specimens  taken  at  intervals  from  W.  to  E.  along  both  branches  of  the  dyke 
(Table  4,  Pt  1)  show  a  relative  increase  towards  the  east  in  the  content  of  silicon 
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Fig.  3 — Geological  map  of  the  porphyritic  microgranodiorite  dyke  situated  3  miles 

N.  of  Baynton. 


and  sodium.  The  contacts  of  the  dyke  with  the  granite  G2  are  sharp,  and  thin 
layers  of  aplite  are  commonly  present  between  the  two  rock-types.  Occasional 
xenoliths  of  granite  are  present.  The  rock  contains  no  hornblende,  and  is  similar  to 
the  rock  at  the  eastern  end  of  the  granodiorite  dyke  at  Sidonia,  which  contains 
hornblende  in  its  western  part  but  none  in  the  east. 

One  of  the  isolated  exposures  E.  of  the  main  dyke  is  of  interest,  as  here  the 
porphyritic  microgranodiorite  clearly  filled  a  fissure  formed  by  the  displacement  of 
blocks  of  granite  along  joint  planes.  The  biotite  flakes  of  the  microgranodiorite 
show  a  strong  platy  flow  structure  parallel  to  the  walls  of  the  fissure. 


(8)  Porphyritic  Microgranodiorite  of  O’Connor’s  Hill 

This  body,  which  forms  a  group  of  prominent  hills,  crops  out  over  an  area  of 
1  -2  square  miles  in  the  middle  of  G3  (Fig.  2),  and  a  small  off-shoot  lies  i  mile  to 
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Table  4 

Minor  intrusions  emplaced  after  G4 ,  mostly  in  central  part  of  massif 


ROCK 

TEXTURE 

MINERAL  CONTENT 

REMARKS 

>art  i 

tVirphyrlHc  micrograno- 
tScrite  dyke  north  of 
Bayntan  (total  continuous 
length"  970  yard*; 

T.S.  8264-8271  incl.). 

Phcnocrysts  up  to  5  mm 
acroBB  In  fine-grained 
groundmass. 

Western  end  of  dyke,  T.S.  8264: 

Phenocrysts;  Quartz.  Andesine,  Biotite  Groundmass:  Quartz.  Orthoclase,  Ande- 
sine,  Biotite. 

Accessories:  Zircon,  Apatite, limcnite.  Secondaries:  Chlorite.  Snhcne,  Sericite. 
Garnet, 

440  yards  to  the  east,  T.S.  8265,  8266: 

Phenocrysts:  Quartz.  Orthoclase,  Groundmass:  Quartz, Orthoclase,  Ande- 

Andes Ine.  Biotite  sine,  Biotite, 

Accessories;  As  above,  plus  allanite.  Secondaries:  As  above. 

Further  along  both  branches  to  eastern  end  of  dyke,  T.S.  8267-8271: 

Proportion  of  pl>e:iocrysts  in  total  rock 

lessens  from  west  to  east. 

Modal  Composition: 

1.  Rock  at  western  2,  Bock  660 yards 
end  of  dyke  (T.S.  to  the  east  (T.S 

8264).  8268), 

Quartz  24%  Quartz  40% 

Orthoclase  15  Orthoclase  14 

Plagioclase  49  Plagioclase  40 

Biotite  12  Biotite  6 

Phenocrysts:  Quartz. Orthoclase.  Groundmass:  Quartz. Orthoclase.  Olieo- 

Oligoclase.  close.  Biotite  (  less). 

Accessories:  As  above  Secondaries:  As  above. 

100  100 
Others  0.6  Others  0.2 

PART  2 

Porphyritic  micro¬ 
granodiorite- of 
O'Connor's  Hill  (T.S. 
f 274-8270  Incl.). 

Phenocrysts  up  to  4  mm 
across  in  fine-grained 
groundmass. 

Phenocrysts:  Accessories: 

Quartz.  Andosine,  Biotite,  Hornblende  Zircon,  Apatite,  Hematite,  Ilmenite. 

Groundmass:  Secondaries: 

Quartz,  Orthoclase,  OHgoclaso,  Chlorite  and  sphene,  Sericite,  Limonite 

Biotite. 

Groundmass  is  aplitic  in  appearance 

and  texture. 

PART  3 

Porphyritic  granodiorite 
of  Stony  Creak  (T.S. 
£322). 

Phenocrysta  up  to  15  nun 
across  in  fine-grained 
groundmass  with  a  'ualt- 
and-pepper’  appearance 

Phenocrysts:  Accessories: 

OUgoclase  (with  zoning  and  exsolution);  Zircon.  Apatite,  Ore  minerals, 

Biotite  (rare);  Hornblende  (rare), 

Groundmass:  Secondaries: 

Quartz,  Orthoclase,  Plagioclase  Chlorite  and  sphene,  Sericite. 

(zoned  from  ancle  sine  (core)  to 
ollgoclase),  Biotite,  Hornblende. 

PART  4 

Coarse-grained  grano¬ 
diorite  plug  (T.S.  8323- 
8325  Incl.). 

Coarse-grained,  with  a 
small  amount  of  micro¬ 
graphic  groundmass. 

Essentials: 

Quartz,  Orthoclase  (perthltlc  In  some  grains),  Andesine,  Biotite. 

Accessories: 

Hornblende  (up  to  6mm  long).  Zircon,  Apatite,  Allanite,  Ore  minerals,  Sphene 
Secondaries: 

Lirnonito,  Chlorite  and  sphene,  sericite  (rare). 

the  north-east.  Petrography  of  the  rock  is  given  in  Table  4,  Pt  2. 

The  contact  of  this  body  with  G3  is  nowhere  exposed,  but  at  four  places  around 
the  contact  zone,  boulders  of  granodiorite  finer  in  grain  than  the  typical  G3  were 
found.  A  thin  section  (TS  8277)  of  this  rock  shows  it  to  be  recrystallized  grano¬ 
diorite  (G3).  The  section  contains  aggregates  of  many  small  biotite  grains,  com¬ 
monly  grouped  around  hornblende  crystals.  Larger  biotite  crystals  are  frayed  at  the 
edges,  and  small  grains  of  magnetite  have  formed  in  the  biotite.  Some  large  horn¬ 
blende  and  biotite  crystals  show  replacement  by  the  quartz  and  felspars.  Meta¬ 
morphism  of  the  granodiorite  G3  by  the  microgranodiorite  is  indicated. 

The  main  microgranodiorite  intrusion  contains  at  least  four  rafts  of  G3  grano¬ 
diorite,  the  largest  220  yds  long.  These  stand  out  in  the  landscape  as  sizeable  core¬ 
stones,  in  contrast  to  the  much  smaller  boulders  of  microgranodiorite.  Also  present 
in  this  body  are  four  substantial  masses  of  aplite  which  form  the  tops  of  adjacent 
hills,  suggesting  that  they  are  the  remains  of  one  flat  sheet.  The  aplites  are  quite 
normal — Table  6,  Pt  3. 

The  porphyritic  microgranodiorite  of  O’Connor’s  Hill  is  clearly  later  than  G3, 
as  it  has  caused  recrystallization  of  the  granodiorite,  and  contains  rafts  of  it.  It 
is  older  than  the  granodiorite  of  Stony  Ck,  as  plugs  of  this  rock  have  been  injected 
along  the  contact  zone  of  G3  and  the  microgranodiorite. 

(9)  Porphyritic  Granodiorite  of  Stony  Creek 

This  intrusion  occupies  an  area  of  1*8  square  miles,  and  lies  1  mile  N.  of  the 
Cobaw  Ranges,  immediately  S.  of  the  porphyritic  microgranodiorite  of  O’Connor’s 
Hill  (Fig.  2).  The  long  axis  of  the  body  is  parallel  to  that  of  the  Cobaw  Granite 
massif.  A  small  off-shoot  is  situated  2  miles  to  the  north-east,  slightly  finer-grained 
than  the  main  Stony  Ck  body.  The  rock  has  a  distinctive  porphyritic  appearance, 
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with  ovoid  phenocrysts  of  felspar  up  to  15  mm  long,  set  in  a  fine-grained  ‘salt  and 
pepper’  groundmass  (Table  4,  Pt  3).  Except  for  its  texture,  the  rock  is  similar  to 
the  typical  granodiorite  of  G3,  and  the  contact  between  the  two  rocks  is  sharp. 

(10)  Coarse-grained  Granodiorite  Plug 

This  plug,  which  measures  250  yds  across,  crops  out  1  mile  SW.  of  Baynton, 
and  is  associated  with  the  two  off-shoots  from  the  intrusions  at  O’Connor’s  Hill 
and  Stony  Ck  (Fig.  2).  It  is  very  like  the  granite  G2  in  appearance,  except  that 
it  contains  prisms  of  hornblende  up  to  12  mm  long.  The  petrography  of  the  rock 
is  summarized  in  Table  4,  Pt  4.  No  contact  with  host  rocks  is  exposed. 

(11)  Eight  Small  Intrusions  Associated  with  G4 

These  intrusions  occur  in  three  groups  around  the  margin  of  G4,  and  are 
numbered  from  1  to  8  in  Fig.  2.  Petrographic  descriptions  appear  in  Table  5. 


Table  5 

Eight  small  intrusions  around  margin  of  G4 


ROCK 

TEXTURE 

MINERAL  CONTENT 

REMARKS 

1.  Porphyritic  micro- 

adamellite  (T.S,  6319, 
8320) 

Phenocrysts  up  to  4  mm 

long  in  fine-grained, 
allotriomorphlc  ground- 
mass. 

Phenocrysts:  Accessories: 

Quartz,  Orthoclase,  Biotite  Hornblende,  Zircon,  Apatite. 

Groundmass:  Secondaries: 

Quartz,  Orthoclase,  Ollgoclase.  Chlorite.  Sericlte. 

Modal  Composition:  Quartz  3l* 

(average  of  T.S.  Orthoclase  37 

8319  and  8320).  Plagioclase  3‘ 

Parts  of  the  dyke  Biotite 

have  more  plagio-  10® 

clase  than  orthoclase.  Hornblende  T 

2.  Fine-grained  granite 

(T.S.  8317) 

Has  a  few  phenocrysts  up 
to  5  mm  long. 

Phenocrysts:  Accessories: 

Oligoclase,  intergrown  with  a  small  Hornblende,  Zircon,  Apatite,  Allanite, 

amount  of  orthoclase.  Sphene,  Magnetite. 

Groundmass:  Secondaries: 

Quartz,  Orthoclase,  Ollgoclase,  Chlorite.  Sericlte. 

Biotite. 

_ -• 

3.  Porphyritic  horn¬ 

blende  granodiorite 
(TA  8318). 

Medium-  grained. 

Phenocrysts:  Accessories: 

Andcsine.  Zircon,  Apatite,  Ore  minerals. 

Groundmass:  Secondaries: 

Quartz,  Orthoclase,  Oligoclase,  Chlorite,  Sericlte. 

Biotite,  Hornblende. 

Hornblende  is  abundant 

4.  Porphyritic  micro- 

adamellite  (T.S.  8313, 
8314). 

Phenocrysts  up  to  3  mm 

long  in  fine-grained 
groundmass. 

Phenocrysts:  Accessories: 

Quartz,  Orthoclase,  Andesine,  Biotite,  Zircon,  Apatite,  Ore  minerals. 
Hornblende. 

Groundmass:  Secondaries: 

Quartz,  Orthoclase,  Andesine,  Biotite,  Chlorite,  Sericlte. 

Hornblende 

Andesine  phenocrysts  are 

zoned.  Modal  Composition 
(average  of  T.S.  Quartz  ** 

8313  and  8314):  Orthoclase 

Plagioclase  ^ 
Biotite  1 

Hombleode_J. 

10C ' 

Others 

5.  Hornblende  grano¬ 

diorite  (T.S.  8316). 

Fine-grained. 

Phenocrysts  (rare);  Accessories: 

Ollgoclase.  Zircon,  Apatite,  Ore  minerals, 

Groundmass:  Secondaries: 

Quartz.  Orthoclase, Oligoclase,  Biotite,  Chlorite,  Sericlte. 

Hornblende. 

Hornblende  Is  abundant.  Rock  ba# 1 

dark,  speckled  appearance. 

6.  Porphyritic  micro- 

granodiorite  (T.S. 

8315) 

Phenocrysts  up  to  15  mm 

long  in  fine-grained 
groundmass. 

Quartz.  Andesine,  Biotite  Hornblende,  Sphene,  Zircon. 

Groundmass: 

Quartz,  Andesine,  Biotite. 

Biotite  phenocrysts  are  aggregate 
small  individual  crystals. 

7.  Porphyritic  microgranodiorite,  not  thin  sectioned. 

8.  Urallte  dolerite 

(T.S.  8312). 

Medium- grained,  ophitlc. 

Essentials: 

Sodic  labradorlte  (Ang2);  Hornblende;  Tltanauglte;  Ilmenite  (skeletal);  Apatite. 
Secondaries: 

Chrysotile  (aggregates);  Tremollte  aad  Actinolite;  Sericlte. 

Labradorlte  forms  al bite- twinned  la^ 
Tltanauglte  is  bright  pink  and  strcetf 
plooohroic.  Chrysotile  may  be  afl* 
olivine.  Tremollte  and  actinolite  ^ 
after  augitc 

The  three  largest  intrusions  (No.  1,  2,  and  3)  form  one  group  near  the  eastern 
end  of  G4,  on  the  road  from  Lancefield  to  Baynton  (Fig.  2).  They  consist  of  a 
large  elongate  body  of  porphyritic  microadamellite  (1),  a  smaller  mass  of  fine¬ 
grained  granite  (2),  and  another  of  porphyritic  hornblende  granodiorite  (3).  The 
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second  group  (No.  4,  5,  and  6)  is  situated  at  the  western  end  of  G4,  N.  of  the 
road  from  Cobaw  to  Piper’s  Ck,  and  comprises  a  dyke  of  porphyritic  micro- 
adamellite  (4),  a  plug  of  fine-grained  hornblende  granodiorite  (5),  and  a  smaller 
plug  of  porphyritic  microgranodiorite  (6).  Lastly,  two  very  small  outcrops  (No.  7 
and  8)  are  present  2i  miles  NNE.  of  the  second  group,  E.  of  the  road  from  Piper’s 
Ck  to  Baynton.  The  first  is  a  plug  of  porphyritic  microgranodiorite  (7),  the  second 
an  exposure  of  uralitized  dolerite  (8),  which  contains  sodic  labradorite  and  a  very 
bright  pink  variety  of  titanaugite.  The  occurrence  and  origin  of  this  dolerite  remain 
unexplained. 

(12)  Porphyritic  Microgranodiorite  and  Porphyritic  Microdiorite  Dykes 

In  contrast  to  the  porphyritic  microgranites  (4)  which  intrude  the  country  rocks, 
the  porphyritic  microgranodiorites  and  microdiorites  crop  out  entirely  within  the 
Cobaw  Granite,  though  strikes  are  again  generally  N.-S.  Most  of  the  dykes  are 
microdiorites;  petrographic  descriptions  are  summarized  in  Table  6,  Pt  1  &  2.  The 
dykes  have  been  found  only  in  the  western  half  of  the  massif,  but  this  is  not  a 
result  of  the  mapping,  as  it  was  the  eastern  half  that  was  covered  in  more  detail, 
during  the  study  of  the  xenoliths. 

Table  6 

Final  minor  intrusions 


ROCK 

TEXTURE 

MINERAL  CONTENT 

REMARKS 

»ART  1 

Porphyritic  micro¬ 
granodiorite  dykes 
(T.S.  8376-8378  incl.). 

Phenocrysts  up  to  5  mm 
across  in  fine-grained 
groundmass. 

Phenocrysts:  Accessories: 

Quartz  (corroded  by  groundmass);  Zircon,  Sphono,  Hornblende,  Allanite, 

Andesine  (euhedral).  Ore  minerals 

Groundmass:  Secondarjes_: 

Quartz.  Orthoclase,  Sodic  plagioclas©  Epidote,  Chlorite,  Sericlte. 

Btotlte. 

Biotite  is  almost  completely  replaced 
by  chlorite.  Groundmass  is  patchy, 
some  areas  have  minute  micrographic 
intergrowths,  other  parts  are  granular. 

'ART  2 

Porphyritic  microdiorite 
dykes  (T.S.  8379-8382 
IbCI.)« 

Phenocrysts  up  to  7  mm 
across  in  fine-grained 
groundmass. 

Phenocrysts:  Accessories: 

Orthoclase  (not  common);  Oligoclase  Zircon,  Apatite, 
or  Andesine  (commonly  euhedral); 

Biotite  (not  common). 

Groundmass:  Secondaries: 

Quartz, Orthoclase, Oligoclase, Blotite.  Muscovite,  Chlorite,  Calcite. 

Groundmass  is  generally  patchy;  small- 
scale  spherulitic  or  micrographic  inter- 
growths  form  patches  in  the  more 
granular  material. 

Plagioclase  phenocrysts  are  replaced 
by  aggregates  of  calcite  and  muscovite, 
and  calcite  and  chlorite.  In  T.S.  8382. 

PARTS 

tplite  (T.S.  8351-8361 
incl.). 

Variable;  areas  of 
minutely  delicate  micro- 
graphic  Intergrowth  are 
interspersed  with  areas 
of  coarser  granular  text¬ 
ure  in  the  same  thin 
section. 

Essentials:  Accessories: 

Quartz.  Orthoclase.  Oligoclase,  Biotlto,  Zircon,  Ore  min- 

Secondaries:  erals,  Muscovite,  Hematite,  Apatite, 

Chlorite  (after  blotite).  Kaolin  (after  Allanite. 
orthoclase). 

A  bright  orange.  Isotropic  mineral  in 

T.S.  8357  may  be  a  chlorite. 

Muscovite  forms  rosettes  up  to  12  mm 
across  in  T.S.  8358. 

PART  4 

Pegmatite  (T.S.  8362- 
8365  incl.). 

Coarse-grained  quartz  Is 
commonly  moulded  on 
orthoclase. 

Essentials:  Accessories: 

Quartz,  Orthoclase,  Oligoclase.  Muscovite,  Biotite,  Tourmaline. 

In  T.S.  8364,  oligoclase  exceeds 
orthoclase  in  amount. 

(13)  (a)  Aplite 

Aplite  is  common  throughout  the  Cobaw  Granite,  both  as  flat  sheets,  and  as 
thin  dykes  and  veins  generally  an  inch  or  less  wide  and  many  feet  in  length.  The 
latter  are  generally  straight,  but  a  few  veins  are  sinuous.  Most  of  the  aplite  is 
found  within  the  granitic  rocks,  but  in  Mclvor  Ck  and  Mollison’s  Ck,  veins  of 
aplite  and  pegmatite  a  few  feet  long  occur  at  the  contact  of  the  granite  G2  with 
the  sediments.  Aplite  and  pegmatite  also  form  composite  veins. 

Aplite  is  commonly  present  at  the  contact  of  G2  and  G3  (see  above),  and 
large  circular  bodies  of  aplite  are  also  found.  Four  of  these  lie  inside  the  micro¬ 
granodiorite  of  O’Connor’s  Hill,  and  include  the  three  largest,  each  300  yds  in 
diameter  and  probably  parts  of  the  one  sheet.  Two  more  are  present  within  a  mile 
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of  this  intrusion  (Fig.  2).  Descriptions  of  the  aplites  are  given  in  Table  6,  Pt  3. 
The  larger  bodies  show  no  difference  in  thin  section  from  the  small  veins. 

(b)  Pegmatite  (Table  6,  Pt  4) 

This  is  not  a  common  rock,  and  usually  forms  dykes  about  6"  wide,  with  a 
central  zone  of  aplite  up  to  2"  wide.  At  Py along,  a  tongue  of  granite  (G2)  has 
been  injected  along  the  strike  of  the  Silurian  country  rock,  and  towards  the  margins, 
and  in  veins  invading  the  sediments,  the  granite  is  pegmatitic;  normal  pegmatite  is 
present  at  the  contacts. 

The  paucity  of  pegmatite  and  abundance  of  aplite  in  the  Cobaw  Granite 
indicates  that  the  water  contents  of  the  magmas  were  low,  even  at  the  end  of 
crystallization  of  the  main  bodies  of  granite  and  granodiorite.  This  is  in  harmony 
with  the  low  content  of  other  volatiles,  indicated  by  the  scarcity  of  such  minerals 
as  tourmaline,  topaz,  and  fluorite. 

(c)  Reef  Quartz 

Veins  of  quartz  are  also  rare  in  the  granitic  rocks.  They  are  more  abundant  in 
the  country  rocks,  and  2  miles  W.  of  Sidonia  an  abandoned  shaft  and  drive  follow 
a  former  E.-W.  quartz  reef  in  the  Ordovician  hornfels.  Isolated  rounded  pieces  of 
reef  quartz  up  to  2 "  across  were  found  in  G2  and  G3.  These  fragments  are  most 
likely  xenoliths  of  reef  quartz  originally  present  as  veins  in  the  sediments. 

Xenoliths 

Xenoliths  in  the  Granite  G2 

Xenoliths  in  the  granite  are  few  relative  to  those  in  the  granodiorite  G3.  In 
some  places  they  are  fairly  plentiful  and,  where  this  is  so,  the  xenoliths  are 
commonly  in  swarms  of  about  a  dozen  in  an  area  5  to  10  ft  square.  Solitary 
xenoliths  may  be  up  to  3  or  4  ft  across,  so  possibly  the  swarms  of  small  individuals 
represent  large  blocks  later  broken  up.  The  xenoliths  lie  parallel  to  the  planar 
structure  that  is  characteristic  of  the  granite  (PI.  35,  fig.  1). 

Descriptions: 

Xenoliths  of  Sedimentary  Origin  (Table  7,  Pt  1) 

Most  of  these  are  fine-grained  and  tabular,  their  shape  arising  from  the  pro¬ 
minent  bedding  and  close  jointing  in  the  country  rocks.  They  are  usually  straight- 
sided,  the  comers  are  only  slightly  rounded,  and  embayments  are  rare.  Thin  veins 
of  granitic  material  commonly  lie  parallel  to  the  bedding  of  the  xenoliths.  Some 
xenoliths  are  lenticular  (PI.  35,  fig.  1),  and  a  few  are  roughly  equant;  in  the  latter 
case  a  faint  lineation,  which  probably  represents  the  original  bedding,  can  gen¬ 
erally  be  made  out  on  a  freshly  broken  surface,  and  there  may  also  be  granitic 
veins  injected  parallel  to  the  bedding.  Very  few  xenoliths  show  strewing  at  the 
contact;  edges  are  almost  everywhere  sharp  and  clean  (though  see  Singleton  1949, 
p.  100).  The  xenoliths  are  almost  invariably  dark  grey,  and  only  rarely  contain 
felspar  porphyroblasts.  The  minerals  present  are  the  same  as  the  principal  minerals 
in  the  granite,  and  so  it  appears  that  equilibrium  between  the  host  granite  and  the 
inclusions  has  been  reached.  TS  8419,  from  a  locality  3  miles  SSE.  of  Tooborac,  is 
different  from  the  fine-grained  examples,  in  that  the  rock  is  coarser-grained  and 
composed  chiefly  of  metamorphic  minerals,  particularly  large  xenoblastic  cordierite 
crystals.  These  were  probably  formed  by  amalgamation  of  smaller  crystals  present 
in  the  original  hornfels,  as  found  in  Mclvor  Ck,  3  miles  to  the  NW.  (cf.  Tattam 
1925,  p.  242). 
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Table  7 


Xenoliths  in  granite  (G2)  and  granodiorite  ( G3 ) 

 ROCK 

TEXTURE 

MINERAL  CONTENT 

REMARKS 

Xenoliths  in  granite,  G2. 

PART  1 

Sedlmontary  xenoliths 
(TA  M18,  8420,  8421). 

Fine-grained,  grano- 
blastic;  quartz,  and  feld¬ 
spar  form  polkil oblasts 
enclosing  the  small 
grains  of  biotite  and 
feldspar.  Rare  porphyro 
blasts  are  present. 

Porphyroblasts:  Accessories: 

Ollgociase  (T.S,  8421  only);  Biotite  Zircon,  Apatite. 

(T.S.  8421  only). 

Groundmass:  Secondaries: 

Quartz,  Orthoclase,  Oligoclase  or  Odorite  (after  biotite),  Sericite  (after 

Andeslne.Qiotite  (abundant).  plagioclase). 

T.S.  8418  has  no  orthoclase,  is  slightly 
coarser-grained,  and  subidioblastic. 

T.S.  8419. 

Medium-grained. 

xenoblastlc. 

Composed  of  cordierite  (enclosing  needles  of  slllimanite).  and  smaller  amounts 

of  quartz,  andesine,  biotite,  and  muscovite. 

Accessories:  Secondary: 

Apatite,  Zircon,  Ore  minerals.  Spinel.  Chlorite. 

A  recrystallized  cordierite  homleis. 

PART  2 

Cognate  xenoliths 
(T.S.  8422,  8423). 

Medium- grained 
subidioblastic. 

Essentials:  Accessories: 

Quartz,  Andesine,  Biotite.  Zircon,  Apatite. 

T.S.  8422. 

Quartz,  Orthoclase,  Oligoclase,  Zircon,  Apatite. 

Biotite. 

T.S.  8423. 

Xenoliths  in  granodiorite, 
G3. 

PART  3 

Sedimentary  xenoliths 
(T.S.  8393-8395  incl.) 

Rare  porphyroblasts  in  a 
fine-grained,  grano- 
blastic  groundmass. 

Porphyroblasts:  Accessories: 

Ollgociase  (TA.  8393).  Zircon,  Apatite,  Allanite. 

Groundmass:  Secondary: 

Quartz,  Orthoclase,  Oligoclase  or  Chlorite. 

Andesine,  Biotite. 

Biotite  is  very  abundant.  Orthoclase  is 
subordinate  to  plagioclase. 

TA  8396  (and  8397). 

Heterogeneous. 

The  thin  section  has  fine-grained  hornfelsic  areas  of  quartz,  orthoclase. 

andesine,  biotite,  ore  minerals,  sphenc,  and  apatite.  Other  parts  have  large 
slllimanite  crystals  containing  small  grains  of  green  spinel,  and  myriads  of 
tiny  zoislte  crystals,  which  are  arranged  in  patterns  similar  to  herring-bone 
structure.  There  are  patches  of  coarse-grained  cordierite  containing  sllll- 
m urate  needles,  granoblastic  areas  of  zoisite  and  slllimanite,  and  clots 
composed  solely  of  many  small  crystals  of  biotite. 

A  recrystallized  cordierite  hornfels. 

Igneous  xenoliths. 

PART  4;  Group  (i) 
line-grained  porphyro- 
bUstlc  xenoliths  (T.S. 
6398-8409  Incl.). 

Porphyroblasts  up  to  Gmrr 
across  in  subidioblastic 
groundmass. 

Porphyroblasts:  Accessories: 

Quartz,  Oligoclase  or  Andesine.  Sphene,  Dlopside,  Zircon,  Apatite,  Hem- 

Btotite,  Hornblende.  atite,  Umenkte,  Allanite,  Augite,  Epldote. 

Groundmass:  Secondaries: 

Quartz,  Plagioclase  (zoned  from  Chlorite,  Sericite. 

andesine  (core)  to  oligoclase), 

Biotite,  Hornblende  (abundant). 

Most  porphyroblasts  are ol plagioclase. 

Quartz  in  groundmass  forms  poikilo- 
blasts.  Hornblende  porphyroblasts  show 
replacement  by  quartz  of  groundmass. 
Diopside  is  usually  enclosed  by  horn¬ 
blende. 

PART  5;  Group  (ii) 
Doe-grained  oon- 
' !  porphyroblastic 
xenoliths  (T.S.  8410- 
|  8412  Incl.). 

A  slight  patchiness  is 
present  in  the  distribution, 
of  light  and  dark 
minerals. 

Essentials: 

Quartz,  Andesine,  Biotite,  Hornblende,  Dlopside  (T.S.  8411  only). 

Accessories:  Secondaries: 

Apatite.  Hematite,  Zircon.  Sericite,  Chlorite,  Calcite. 

Diopsido  is  abundant  in  T.S.  8411. 
Hornblende  shows  replacement  by 
quartz  and  feldspar. 

PART  6;  Group  (ili) 

|  Medium-grained  xeno- 
1  Ikths  (T.S.  8413- 
-  6415  Incl.). 

4  Dioritic'  in  appearance. 

Essentials: 

Quartz.  Plagioclase  (zoned  from  andesine  (core)  to  oligoclase),  Biotite,  Horn¬ 
blende  (more  abundant  than  biotite),  Dlopside  (T.S.  8414  only). 

Accessories: 

Sphene,  Apatite,  Allanite,  Zircon,  Ore  minerals. 

Secondaries: 

Sericite,  Chlorite,  Calcite. 

Hornblende  shows  replacement  by 
quartz  and  feldspar. 

Xenoliths  of  Cognate  Origin  (Autoliths)  (Table  7,  Pt  2) 

These  are  far  less  abundant  than  those  of  sedimentary  origin,  and  only  two 
were  sampled.  They  are  spheroidal  or  ovoid  and  appear  as  biotite-rich  areas  in  the 
granite.  In  thin  section  the  texture  is  very  close  to  ordinary  granitic  texture,  and 
they  consist  entirely  of  granitic  minerals. 

Discussion: 

Most  of  the  xenoliths  in  the  granite  are  tabular  or  lenticular,  and  are  derived 
from  the  Lower  Palaeozoic  sediments.  Very  few  were  of  the  coarse-grained,  hetero¬ 
geneous  type  such  as  TS  8419,  which  is  rich  in  cordierite.  Almost  all  the  xenoliths 
are  fine-grained,  and  consist  of  granitic  minerals.  The  low  proportion  of  cordierite- 
bearing  xenoliths  is  a  reflection  of  the  subordinate  amount  of  cordierite-bearing 
hornfels  in  the  aureole,  which  consists  mostly  of  sericite  hornfels.  Hence,  nearly  all 
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the  blocks  that  were  stoped  off  the  walls  during  the  rise  of  the  granite  would  have 
consisted  of  quartz,  sericite,  and  biotite  (see  above).  The  xenoliths  consist  of 
quartz,  orthoclase,  oligoclase,  and  biotite,  an  assemblage  indicating  the  hornblende- 
homfels  facies  of  contact  metamorphism  (Turner  &  Verhoogen  1960,  p.  514). 
The  mineralogy  suggests  that  the  sericite  has  been  converted  to  felspar,  supporting 
the  principles  of  Bowen  (1922). 

As  the  xenoliths  are  composed  of  the  minerals  of  granite,  ‘A  certain  amount  of 
mechanical  disintegration  might  cause  the  strewing  about  of  these  products  in  such 
a  way  as  to  make  them  an  integral  part  of  the  mass,  but  there  should  be  no  solution.’ 
(Bowen  1922,  p.  561).  This  may  account  for  the  rounding  of  the  corners  and 
rare  embayments  seen  in  the  xenoliths.  The  lack  of  debris  around  the  xenoliths 
shows  that  any  strewing  occurred  when  the  granite  was  moving,  so  that  the  debris 
was  cleared  away. 

The  autoliths  are  presumably  fragments  of  early  crystallized  granite,  brought  up 
by  the  later  movement  of  the  magma. 

Xenoliths  in  the  Granodiorite  G3 

Xenoliths  in  G3  are  generally  in  large  numbers  (PI.  35,  fig.  2),  but  in  places 
the  granodiorite  contains  only  a  few  of  them.  The  xenoliths  are  usually  spheroidal 
or  ovoid,  and  few  exceed  a  foot  in  length.  Owing  to  their  fine  grain,  the  xenoliths 
weather  more  slowly  than  the  granodiorite,  and  so  project  from  the  surfaces  of 
the  boulders.  In  three  localities  the  long  axes  of  the  xenoliths  are  parallel,  but 
generally  they  show  no  such  alignment. 

Descriptions: 

Xenoliths  of  Sedimentary  Origin  (Table  7,  Pt  3) 

In  the  hand-specimen  these  appear  exactly  like  their  counterparts  in  the  granite, 
being  dark  and  uniformly  fine-grained,  usually  tabular  or  lenticular,  and  commonly 
veined  with  granitic  material.  A  few  coarse-grained  recrystallized  varieties  also 
occur. 

Jn  thin  section,  the  fine-grained  xenoliths  have  a  granoblastic  texture,  and  small 
porphyroblasts  of  oligoclase  are  present  in  TS  8393.  TS  8394  is  of  a  very  small 
xenolith,  and  shows  lenticular  patches  of  different  grain-size  and  mineral  content, 
probably  indicating  differences  between  individual  laminae  in  the  original  sediment. 
TS  8396  and  8397  are  cut  from  one  of  the  unusual  xenoliths  of  coarsely  recrystal¬ 
lized  hornfels,  which  shows  patches  of  different  textures  and  mineralogy;  Table  7 
Pt  3. 

Xenoliths  of  Igneous  Origin 

These  are  far  more  abundant  than  those  of  sedimentary  origin.  The  hand- 
specimens  show  a  number  of  differences,  and  they  can  be  divided  into  three  main 
groups: 

Group  (i)  Fine-grained  porphyroblastic  xenoliths:  TS  8398-8409  inch 
(Table  7,  Pt  4). 

Group  (ii)  Fine-grained  non-porphyroblastic  xenoliths:  TS  8410-8412  inch 
(Table  7,  Pt  5). 

Group  (iii)  Medium-grained  xenoliths:  TS  8413-8415  inch  (Table  7,  Pt  6). 

The  three  groups  are  distinct  from  each  other,  both  in  hand-specimen  and 
under  the  microscope. 
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Group  (i):  Fine-grained  Porphyroblastic  Xenoliths  (Table  7,  Pt  4) 

These  are  sharply  defined,  pale  to  medium  grey,  ovoid  patches  in  the  grano- 
diorite  (PI.  35,  fig.  2),  studded  with  white  or  cream  felspar  porphyroblasts  up  to 
12  mm  across.  Hornblende  porphyroblasts  are  also  present,  though  less  commonly, 
and  are  up  to  6  mm  long.  Petrographically,  this  group  can  be  divided  into  two 
subgroups.  In  subgroup  (a),  the  biotite  is  pleochroic  from  reddish  brown  to  very 
pale  brown,  and  is  more  abundant  than  hornblende;  also,  the  poikiloblastic  nature 
of  the  quartz  is  prominent.  In  subgroup  (b),  the  texture  is  rather  finer-grained  and 
not  so  poikiloblastic,  and  the  biotite  is  pleochroic  from  greenish  brown  to  pale 
yellow  and  is  generally  less  abundant  than  the  hornblende.  In  addition,  there  is 
less  quartz,  and  the  plagioclase  is  lath-shaped,  so  that  the  rock  has  a  faintly 
‘doleritic’  texture. 

Group  (ii) :  Fine-grained  Non-porphyroblastic  Xenoliths  (Table  7,  Pt  5) 

These  are  dark,  uniformly  fine-grained  rocks,  with  a  slight  patchiness  of  colour 
but  no  porphyroblasts. 

Group  (iii) :  Medium-grained  Xenoliths  (Table  7,  Pt  6) 

These  are  coarser-grained  than  the  xenoliths  of  the  first  two  groups,  and  horn¬ 
blende  is  prominent  in  hand-specimen.  They  have  a  speckled  ‘dioritic’  appearance, 
and  strewing  at  the  margins  with  the  enclosing  granodiorite  is  common. 

Discussion  : 

The  first  type — i.e.  lenticular  or  tabular,  non-hornblende-bearing  xenoliths,  are 
clearly  derived  from  the  Lower  Palaeozoic  sediments.  However,  the  hornblende¬ 
bearing  xenoliths  are  not  so  easily  assigned  an  origin,  for  although  they  are  most 
probably  of  igneous  origin,  there  are  at  least  three  sources  capable  of  producing 
the  same  mineralogy  of  these  xenoliths.  They  are: 

(a)  Basic  segregations  (autoliths)  formed  early  in  the  granodiorite; 

(b)  A  chilled  border  phase  of  the  granodiorite; 

(c)  Cambrian  basic  volcanics  from  the  country  rocks. 

The  first  source,  basic  segregations,  may  be  represented  by  some  of  the  coarser- 
grained  type  of  hornblende-bearing  xenolith — i.e.  those  of  group  (iii).  These 
generally  have  strewed  borders,  and  are  ‘dioritic’  in  aspect,  suggesting  their  origin 
from  a  more  mafic  phase  (Bowen  1922,  p.  539;  Turner  &  Verhoogen  1960,  p.  157). 
Pieces  of  a  chilled  border  phase,  formed  early  in  the  solidification  of  the  grano¬ 
diorite  and  later  disrupted,  could  be  some  of  the  fine-grained  xenoliths,  with  or 
without  porphyroblasts — i.e.  those  of  subgroup  (i)  a,  and  group  (ii). 

Xenoliths  of  the  third  possible  origin,  the  Cambrian  basic  extrusive  rocks,  may 
be  the  quartz-poor,  faintly  ‘doleritic’  xenoliths  of  subgroup  (i)  b.  Thomas  &  Smith 
(1932)  described  an  occurrence  of  granite  intruding  norite,  the  two  rocks  reacting 
to  form  hybrid  bodies  of  mica  diorite.  Xenoliths  of  these  mica  diorite  hybrids  in 
the  granite  are  very  similar  to  the  ovoid  igneous  xenoliths  discussed  here,  more 
especially  those  without  porphyroblasts.  They  concluded  that  many  so-called  auto¬ 
liths  (basic  segregations)  may  be  true  xenoliths  derived  from  unexposed  basic 
rocks.  Some  of  the  ‘dioritic’  xenoliths  (group  iii)  could  also  come  from  intruded 
basic  rocks  (Turner  &  Verhoogen  1960). 
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Fig.  4 — Schematic  diagram  showing  possible  xenolith  sources  available  to  the 
granodiorite  G3,  and  the  resulting  xenoliths. 


To  sum  up,  Fig.  4  illustrates  schematically  the  possible  original  rocks  and  the 
xenoliths  they  could  give  rise  to,  incorporating  the  views  of  the  above  authors  and 
those  from  the  present  study.  In  view  of  the  various  sources  available  for  each  type 
of  xenolith,  it  is  possible  that  not  all  the  sources  have  in  fact  been  used.  However, 
it  is  difficult  to  check  this,  except  for  those  xenoliths  derived  from  the  Cambrian 
basic  rocks.  Xenoliths  of  the  other  two  possible  origins  (a  and  b  above  and  in 
Fig.  4)  could  be  derived  from  anywhere  in  or  around  the  granodiorite  body,  as 
there  is  no  reason  for  postulating  the  formation  of  basic  segregations  or  an  early 
chilled  phase  in  one  restricted  part  of  the  granodiorite.  However,  the  Cambrian 
rocks  do  form  a  restricted  source,  as  they  crop  out  along  a  single  narrow  belt  in 
the  country  rocks  which  surround  the  granite  massif.  It  seems  very  probable  that 
this  belt  existed  in  the  country  rocks  forming  the  roof  above  the  granitic  rocks,  and 
so  it  was  thought  that  any  xenoliths  derived  from  the  Cambrian  rocks  would 
probably  be  concentrated  in  a  zone  following  the  projected  strike  of  the  Cambrian 
belt,  assuming  that  there  had  been  no  convection  currents  in  the  magma.  Away 
from  the  outcrop  of  the  Cambrian  rocks,  hornblende-bearing  xenoliths  should  have 
only  been  derived  from  the  other  two  possible  sources  (a  and  b  above),  and  so 
here  their  numbers  should  be  fewer  in  proportion  to  the  non-hornblendc-bearing 
xenoliths,  and  in  the  zone  following  the  strike  of  the  Cambrian  belt,  their  numbers 
should  be  greater. 

To  test  this,  three  traverses  were  run  across  the  projected  line  of  strike  of  the 
Cambrian  belt,  and  a  fourth  control  traverse  was  run  at  the  other  end  of  the 
granodiorite  (G3),  well  away  from  any  known  Cambrian  rocks  (Fig.  2).  On  each 
traverse,  at  stations  roughly  1,000  yds  apart,  fifty  xenoliths  were  counted  (or  as 
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many  as  possible  up  to  this  number),  and  after  examination  of  the  hand-specimens, 
assigned  sedimentary  or  igneous  origins.  The  ratio: 

%  igneous  (hornblende-bearing)  xenoliths _ 

X  sedimentary  (non-hornblende-bearing)  xenoliths 

shows  a  marked  increase  over  the  line  of  strike  of  the  Cambrian  belt,  along  all 
three  traverses,  and  no  rise  along  the  control  traverse  (Fig.  5).  Thus  there  is  a 
concentration  of  hornblende-bearing  xenoliths  in  this  zone,  and  this  shows  that  at 
least  some  of  the  xenoliths  were  derived  from  the  Cambrian  basic  rocks.  As  a 
point  of  interest,  it  is  noticeable  that  the  increase  in  the  ratio  along  the  northern 
traverse  takes  place  over  a  shorter  distance  than  along  the  middle  and  southern 
traverses,  and  it  seems  reasonable  to  suppose  that  this  resulted  from  the  narrowness 
of  the  Cambrian  belt  north  of  the  massif,  relative  to  its  width  in  the  south.  This 
concentration  of  hornblende-bearing  xenoliths  shows  that  a  certain  amount  of  small- 
scale  piecemeal  stoping  of  the  roof  over  the  granodiorite  took  place. 

The  overall  mineralogical  similarity  of  the  xenoliths  is  readily  explained,  and 
supports  Bowen’s  Reaction  Principle.  Changes  in  the  sedimentary  xenoliths  would 
have  followed  similar  lines  to  those  that  took  place  in  the  sedimentary  xenoliths  in 
the  granite  (i.e.  conversion  of  sericite  to  felspar).  Basic  segregations  in  the  grano¬ 
diorite  would  have  consisted  initially  of  augite  and  calcic  andesine  or  labradorite, 
but  once  hornblende  started  to  crystallize  in  the  magma,  the  augite  would  have 
reacted  to  give  additional  hornblende  and  eventually  some  biotite,  and  the  plagio- 
clase  would  have  become  more  sodic.  The  chilled  border  phase  possibly  contained 
some  augite  and  calcic  andesine  (as  well  as  a  substantial  amount  of  hornblende), 
and  these  too  would  have  been  made  over  to  phases  later  in  the  reaction  series. 
The  stoped  blocks  of  Cambrian  basic  rocks  were  already  metamorphosed  to 
epidiorite  before  and  during  engulfment  in  the  granodiorite  magma,  and  so  would 
have  undergone  mainly  recrystallization  and  formation  of  some  biotite. 

The  absence  of  orthoclase  in  the  igneous  xenoliths  is  interesting,  and  this 
suggests  that  only  enough  potassium  was  introduced  from  the  magma  to  form  the 
biotite  in  the  xenoliths.  The  large  crystals  of  andesine  and  oligoclase  in  the 
xenoliths  of  group  (i)  are  euhedral,  and  show  no  signs  of  corrosion.  Hence,  they 
are  probably  porphyroblasts,  not  blastophenocrysts,  and  so  metasomatic  introduction 
of  felsic  material  (sodium  and  silicon)  from  the  magma  is  indicated.  The  intro¬ 
duction  of  some  constituents,  and  removal  of  others  (mainly  iron  and  magnesium) 
is  also  supported  by  the  texture  of  all  the  igneous  xenoliths,  particularly  the  ‘dioritic’ 
xenoliths  of  group  (iii).  These  show  that  the  hornblende  has  been  substantially 
replaced  by  quartz  and  plagioclase,  and  presumably  the  initial  inequilibrium 
resulted  from  the  difference  in  composition  between  the  magma  and  the  basic  rocks. 
The  absence  of  any  crowding  of  the  small  grains  of  biotite  and  hornblende  around 
the  felspar  porphyroblasts  also  indicates  that  these  grains  were  metasomatically 
replaced,  and  not  merely  pushed  aside  by  the  growing  porphyroblasts. 

Structure 

Country  Rocks 

The  Lower  Palaeozoic  rocks  of  the  Central  Victorian  region  were  deformed 
during  the  Middle  Devonian  Tabberabberan  Orogeny.  The  Cambrian  rocks  were 
complexly  folded  and  faulted,  and  the  detailed  structure  has  proved  difficult  to 
determine  (Thomas  &  Singleton  1957).  The  Ordovician  rocks  were  compressed 
into  similar  folds  of  small  width  and  great  vertical  extent,  plunging  N.  or  S.;  the 
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Fig.  5 — Results  of  xenolith  traverses,  shown  in  graphical  form.  For  each  traverse, 
distance  travelled  E.-W.  (at  2  miles  to  1")  forms  the  abscissa,  and  the  ratio  of  the 
number  of  igneous  xenoliths  to  the  number  of  sedimentary  xenoliths,  at  each  station, 
has  been  plotted  along  the  ordinate.  Vertical  hatching  represents  position  and  width 
of  Cambrian  belt  of  basic  rocks.  Full  explanation  in  text. 
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folds  are  generally  aligned  a  few  degrees  W.  of  N.  Graptolites  are  preserved,  and 
these  have  enabled  the  detailed  structure  of  the  Lower  Ordovician  to  be  worked 
out  (Thomas  1939).  This  has  revealed  brachyanticlinoria  and  brachysynclinoria  to 
be  the  major  structures  developed,  and  their  axes  show  the  same  N.-S.  trend  as 
the  individual  folds  (Fig.  6).  The  Silurian  rocks  were  thrown  into  long,  arcuate 
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Fig.  6 — Geological  map  of  the  Riddell  Trough, 
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folds  that  are  more  open  than  those  in  the  Ordovician,  and  with  little  or  no  plunge 
(Thomas  1939,  Williams  1964). 

Soon  after  the  folding  there  occurred  large-scale  high-angle  faulting,  mostly 
reverse,  with  throws  of  many  thousands  of  feet  (Thomas  1939,  Thomas  &  Single- 
ton  1957).  The  western  faults  of  the  Mt  William-Heathcote-Colbinabbin  Belt — 
i.e.  the  Heathcote  Fault  and  the  Knowsley  East  Fault,  are  of  much  smaller  throw 
and  apparently  are  normal  faults,  as  they  bring  the  Cambrian  against  younger 
rocks — viz.  Lancefieldian,  the  lowest  zone  in  the  Lower  Ordovician. 

The  Riddell  Trough 

In  the  region  of  the  Cobaw  Granite,  the  Ordovician  rocks  form  the  Riddell 
Synclinorium  or  Riddell  Trough  (Thomas  1939),  extending  from  Langwornor  in 
the  north  at  least  55  miles  to  Keilor  in  the  south,  with  a  maximum  width  of 
22  miles  (Fig.  6).  The  trough  is  bounded  on  the  west  by  brachyanticlinoria,  and 
on  the  east  by  the  Mt  William-Heathcote  Belt.  The  northern  end  is  a  S.-plunging 
synclinorium,  but  the  southern  end  is  complicated  by  faulting.  These  faults  are  the 
Djerriwarrah  Fault,  and  a  hypothetical  fault  which  was  postulated  by  Thomas 
(1939)  to  explain  the  cutting  out  of  the  Cambrian  and  Lower  Ordovician  rocks 
S.  of  Romsey,  near  Lancefield.  This  area  is  covered  by  Tertiary  basalt,  and  the 
existence  of  the  fault  remains  unproved.  I  regard  it  as  a  hinged  normal  fault,  west 
block  down,  its  hinge  situated  in  the  north,  a  little  S.  of  Lancefield.  The  Djerri¬ 
warrah  Fault  is  a  reverse  fault,  east  block  down,  and  also  hinged  in  the  north,  so 
that  the  block  bounded  by  this  fault  and  the  hypothetical  fault  is  a  graben  hinged 
in  the  north,  preserving  Upper  Ordovician  rocks  at  the  surface. 

Intrusive  Rocks 

(i)  General  Structure 

The  Cobaw  Granite  possesses  a  ring  structure,  with  a  large  ring  of  coarse¬ 
grained  granite  (G2)  surrounding  a  core  of  granodiorite  (G3)  (Fig.  2).  The  whole 
massif  has  the  outline  of  a  modified  rectangle.  The  N.-S.  boundaries  are  subcircular 
in  plan,  whereas  the  E.-W.  boundaries  are  very  nearly  straight  and  parallel.  This 
subrectangular  shape  is  shown  by  both  the  outer  contact  of  G2  and  the  inner 


Fig.  7 — Diagram  showing  outline  of  the  Cobaw  Granite  (left)  and  the  arcuate  trends 
of  segments  of  this  outline  (right). 
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contact  of  G2  and  G3.  The  inner  contact  is  particularly  regular,  for  the  E.-W. 
contacts  trend  exactly  parallel  to  each  other,  and  the  N.-S.  boundaries  closely 
approximate  semicircles. 

In  detail,  the  E.-W.  contacts  of  G2  with  the  country  rock  are  composed  of 
segments  that  have  arcuate  trends  (Fig.  7).  One  of  the  arcs  on  the  northern 
boundary  is  of  opposite  curvature  from  the  others,  so  that  the  boundary  is  slightly 
re-entrant;  perhaps  another  re-entrant  arc  existed  where  G4  was  emplaced,  so 
giving  the  whole  outer  granite  contact  a  ‘centre  of  symmetry’,  except  for  the  wide 
corner  in  the  south-east.  This  corner,  and  also  those  in  the  north-east  and  south¬ 
west  are  discussed  below.  The  contacts  themselves  are  smooth  over  distances  of  a 
few  hundred  yards,  but  show  embayments  when  considered  as  a  whole. 

(ii)  Attitudes  of  Contacts 

Clear  vertical  sections  across  the  contacts  are  non-existent.  At  Hayes’s  Hill, 

4  miles  SW.  of  Tooborac,  400  vertical  ft  of  the  outer  contact  can  be  seen  when  the 
eastern  side  of  the  hill  is  viewed  from  a  distance.  At  other  places,  consideration  of 
the  strike  of  the  contact  and  its  intersection  with  the  contour  lines  of  the  military 
maps  (1"  to  1  mile)  shows  that  the  contact  is  usually  close  to  vertical  (Fig.  8). 
At  Py along,  and  immediately  W.  of  Ben  Loch,  the  outer  contact  dips  steeply 
inwards,  and  N.  of  Sidonia  it  may  dip  steeply  outward;  however,  in  general  the 
outer  contact  is  vertical.  The  inner  contact  is  nowhere  exposed  in  vertical  section, 
but  the  intersection  of  the  strike  with  the  contours  indicates  that  it  too  is  close  to 
vertical  (Fig.  8). 

(iii)  Screens  of  Older  Rocks 

Around  the  contact  of  G2  and  G3,  no  screens  of  sedimentary  wall  rock  have 
been  found  anywhere  between  the  two  igneous  rocks.  However,  there  is  an  elongate 
raft  of  country  rock  in  the  SE.  corner  of  the  granite  ring  (Fig.  2),  100  yds  from 
the  outer  contact,  and  in  the  Tooborac  area  there  are  screens  of  sedimentary 
country  rock  between  the  hypersthene  porphyrite  (Gl)  and  the  medium-grained 
granite  dyke,  and  between  the  granite  dyke  and  the  outer  contact  of  G2.  The  larger 
screens  are  still  attached  to  the  country  rock,  but  the  smaller  ones  are  completely 
surrounded  by  igneous  rocks  at  this  level.  The  remains  of  a  possible  acid  dyke  that 
intruded  the  country  rock  before  the  emplacement  of  G3  are  preserved  near  the 
southern  boundary  of  the  granodiorite  of  Stony  Ck.  However,  screens  along  the 
actual  contact  of  G2  and  G3  are  absent. 

(iv)  Wide  Corners 

Three  of  the  four  corners  of  the  ring  of  granite  are  far  wider  than  the  rest  of 
the  ring.  The  SW.  and  NE.  corners  have  arcuate  outer  boundaries,  and  in  the  NE. 
corner  (at  Tooborac)  the  dykes  of  hypersthene  porphyrite  (Gl)  and  medium¬ 
grained  granite  also  have  arcuate  trends.  Hence  the  existence  of  arcuate  fractures 
outside  the  general  line  of  fracturing  is  indicated.  There  is  no  exposure  in  the 
SW.  comer. 

The  SE.  comer  is  bounded  by  two  straight  contacts  which  meet  at  an  angle  ot 
of  about  120°,  and  so  here  it  seems  to  have  been  the  intersection  of  straight  rather 
than  arcuate  fractures  that  allowed  the  granite  ring  to  widen.  The  elongate  raft  of 
country  rock  is  situated  in  this  comer. 

(v)  Structures  of  the  Smaller  Intrusions 

The  boundaries  of  the  O’Connor’s  Hill  and  Stony  Ck  bodies  are  irregular,  and 
do  not  seem  to  have  been  governed  by  any  pre-existing  directions  of  fracturing  in 
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Fig.  8 — Structural  map  of  the  Cobaw  Granite  and  country  rocks. 
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G3.  However,  the  contact  of  G4  with  the  country  rock  is  arcuate  in  trend,  and  the 
arc  is  of  a  similar  size  to  those  forming  the  boundary  of  G2  (Fig.  7).  The 
porphyritic  microgranite  between  Pyalong  and  Glenaroua  is  separate  from  the  main 
massif,  and  is  rectangular  in  plan.  Its  crenulate  and  aplitic  northern  edge  is  high 
up  the  side  of  a  hill,  so  this  may  be  near  the  roof  of  the  intrusion.  No  information 
on  the  attitudes  of  its  contacts  is  available. 

(vi)  Flow  Structures 

There  are  no  primary  flow  structures  in  any  of  the  smaller  intrusions  (i.e.  the 
granodiorites  of  the  Cobaw  Ranges,  O’Connor’s  Hill,  and  Stony  Ck),  and  the 
granodiorite  G3  is  likewise  virtually  massive.  Only  seven  localities  in  G3  showed 
any  planar  structure  (Fig.  8);  at  four  localities  the  long  axes  of  xenoliths  showed 
parallel  orientation,  and  at  three  others  there  were  very  thin  and  faint  schlieren 
of  biotite.  These  structures,  and  the  concentric  courses  of  Mollison’s  and  Sandy  Ck 
(see  above)  suggest  the  existence  of  a  faint  concentric  planar  orientation  in  the 
eastern  part  of  G3,  around  the  adamellite  phase. 

Singleton  (1949,  p.  93)  observed  that  the  granite  of  the  ring  (G2)  was 
‘characterized  by  the  presence  of  tabular  orthoclase  perthite  crystals,  which  are 
oriented  in  vertical  flow  layers,  parallel  to  the  boundaries  of  the  ring  intrusion’. 
This  structure,  though  not  everywhere  clearly  visible  (especially  on  weathered 
surfaces)  is  nevertheless  present  right  around  the  outcrop  of  the  granite,  and  is 
particularly  well  shown  in  the  creek  t  mile  E.  of  Sugarloaf  Hill,  Sidonia  (PI.  34, 
fig.  2),  and  in  Mollison’s  Ck,  Pyalong. 

Inspection  of  several  rock  faces  at  angles  to  each  other  in  an  area  of  good 
exposure  (e.g.  Mollison’s  Ck)  shows  that  the  average  parallelism  of  the  perthites 
is  planar.  The  perthite  crystals  and  biotite  flakes  are  fairly  randomly  distributed 
through  the  rock,  though  there  is  a  tendency  for  some  of  the  biotites  to  be  con¬ 
centrated  along  the  sides  of  perthite  crystals.  However,  there  is  no  mineral  banding 
(schlieren)  or  segregation  of  light  minerals  from  dark,  so  the  term  ‘foliation’,  in 
the  sense  of  Balk  (1937,  p.  15),  cannot  be  used.  Similarly,  the  term  ‘flow  layers’ 
should  not  be  applied;  the  flow  structure  exhibited  by  the  granite  is  a  platy 
parallelism  of  phenocrysts. 

The  attitude  of  the  planar  structure  is  shown  principally  by  the  alignment  of 
the  largest  faces  of  the  tablet-shaped  perthite  crystals.  On  the  average  these  faces 
are  vertical,  and  their  strike  is  parallel  to  the  margins  of  the  granite  ring.  The 
smallest  faces  are  therefore  horizontal,  and  the  medium-sized  faces  vertical,  but  at 
right  angles  to  the  largest  faces.  The  edges  of  these  medium-sized  faces  should 
produce  r  vertical  lineation,  but  the  difference  in  size  of  the  two  smaller  faces  is 
so  slight  that  this  lineation  is  practically  never  developed,  and  it  was  seen  in  only 
two  places,  in  Mollison’s  Ck. 

A  platy  orientation  of  the  biotite  crystals  is  well  shown  in  only  a  few  places. 
Here  the  (001)  faces  of  the  larger  flakes  lie  parallel  to  the  overall  vertical  planar 
orientation  of  the  perthite  phenocrysts.  Elongate  clots  of  intergrown  biotite  flakes 
are  also  aligned  in  the  same  vertical  direction  of  the  planar  structure,  though  the 
individual  flakes  of  each  clot  may  have  any  orientation.  In  a  few  localities,  biotite 
flakes  form  vertical  strings.  However,  small  isolated  flakes  generally  show  no 

preferred  orientation.  „  ,  ,  ,  ,  .  ,  .  , 

The  xenoliths  in  the  granite  are  almost  all  tabular  or  lenticular,  and  their  long 
axes  are  parallel  to  the  planar  orientation. 

To  determine  the  attitude  of  the  planar  orientation,  thirteen  traverses  were 
made  across  the  granite  ring,  and  the  results  are  shown  in  Fig.  8.  The  attitude  of 
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the  planar  structure  proved  difficult  to  determine,  for  though  the  strike  could  be 
seen  fairly  readily,  the  dip  was  not  so  easily  observed.  The  general  weakness  of  the 
planar  orientation  necessitates  good  exposures  to  see  it,  but  these  are  rarely 
available,  particularly  large  clean  vertical  faces.  In  the  only  traverse  with  good 
vertical  exposures  (in  Mollison’s  Ck)  it  was  found  that  even  in  the  one  vertical 
rock  face  the  dip  of  the  planar  orientation  commonly  varied  from  10°  to  15°  on 
either  side  of  the  vertical,  indicating  the  existence  of  flexures  and  ‘eddies’  in  the 
flow  layers,  so  that  a  single  reading  could  not  be  taken  as  indicative  of  the  dip  over 
a  large  area.  However,  the  measurement  of  a  dozen  or  so  dips  at  any  one  locality 
was  not  possible,  owing  to  the  lack  of  exposure.  For  these  reasons,  only  those  dip 
readings  that  were  measured  on  large  surfaces  that  showed  a  strong  and  reasonably 
constant  orientation  of  the  perthites  are  included  in  Fig.  8.  From  this  it  can  be 
seen  that  the  strike  of  the  planar  orientation  maintains  an  average  parallelism  to 
the  outer  contact  of  the  granite  ring,  and  where  visible  the  dip  is  steep  or  vertical. 
This  planar  orientation  is  therefore  regarded  as  a  platy  flow  structure,  in  the  sense 
of  Balk  (1937),  and  indicates  a  vertical  flow  of  magma.  There  was  no  tendency 
for  the  intensity  of  development  of  the  platy  flow  structure  to  decrease  inwards 
from  the  outer  contact  of  the  granite.  This  indicates  that  at  this  level  of  erosion, 
the  granite  flowed  vertically  as  a  true  ring  dyke  between  two  confining  walls,  and 
was  not  a  continuous  mass  through  the  region  now  occupied  by  the  granodiorite  G3. 

(vii)  Joints 

These  show  clearly  on  the  air  photographs,  and  so  were  plotted  directly  (Fig. 
8).  It  is  clear  that  there  are  two  main  directions  of  jointing,  one  approximately 
N.-S.,  the  other  approximately  E.-W.  These  directions  are  parallel  to  the  long  and 
short  axes  of  the  massif.  The  joints  in  the  granite  (G2)  show  little  tendency  to 
form  a  radial  arrangement  in  the  comers  of  the  ring,  and  the  joints  in  the  grano¬ 
diorite  (G3)  also  seem  to  ignore  the  circular  nature  of  the  N.-S.  contacts  of  the 
two  rock-types.  Joints  which  cut  through  the  contacts  of  the  two  rocks  are 
undeviated.  It  thus  appears  that  jointing  was  unrelated  to  pre-existing  structures 
(such  as  planar  orientation)  in  the  granitic  bodies,  although  the  process  was 
undoubtedly  influenced  by  the  overall  shape  of  the  massif.  This  suggests  that  the 
joints  fomied  after  all  the  members  of  the  massif  had  been  emplaced,  except  for 
the  final  aplite  and  microgranodiorite  dykes.  This  is  supported  by  the  irregularly 
curved  outlines  of  the  granodiorite  bodies  of  Stony  Ck  and  O’Connor’s  Hill.  It  is 
noteworthy  that  all  the  final  aplite  and  microgranodiorite  dykes  strike  N.-S. 
Mineral  veneers  along  joint  planes  were  nowhere  seen. 

Mode  of  Emplacement 

1.  Evidence  of  Magmatic  Flow 

The  originally  fluid  nature  of  the  members  of  the  Cobaw  Granite  Massif  have 
been  clearly  indicated  in  the  descriptions  of  the  rock  units  in  the  section  dealing 
with  the  petrography  and  reladonships  of  rock  units.  The  main  facts  are: 

(i)  The  existence  of  razor  sharp  contacts  between  the  outer  granite  (G2)  and 
the  sedimentary  country  rocks,  and  between  the  later  members  of  the  complex  and 
the  earlier.  The  younger  rocks  cut  off  structures  in  the  older  rocks  (e.g.  platy  flow 
structure). 

(ii)  The  existence  of  weak  platy  flow  structures,  particularly  in  the  ring  of 
granite,  G2.  The  strike  of  the  platy  flow  throughout  the  ring  is  consistently  parallel 
to  the  outer  contact  with  the  country  rock  (Fig.  8). 
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(iii)  The  existence  of  dykes  of  granodiorite  (G3)  which  intrude  the  granite 
(G2)  at  Sidonia  and  NE.  of  Baynton. 

(iv)  The  existence  of  dykes  of  microgranite  and  microgranodiorite,  similar  in 
texture  to  extrusive  rocks.  At  least  two  microgranites  carry  phenocrysts  of  high- 
temperature  quartz  (see  above,  and  Table  2,  Pt  4). 

2.  Conditions  in  the  Crust 

(i)  A  high  crustal  level  of  emplacement. 

The  Cobaw  Granite  possesses  all  the  more  important  characteristics  of  epizonal 
granites,  e.g.  those  listed  in  Buddington  (1959,  p.  677-680).  Hence,  it  is  a  typical 
‘high-level’  disharmonious  pluton,  which  was  emplaced  into  the  upper  part  of  the 
crust  from  lower  down. 

(ii)  Absence  of  compression  in  the  crust  during  emplacement. 

This  is  indicated  by  the  absence  in  the  country  rocks  of  any  distortion  which 
can  be  attributed  to  the  emplacement  of  the  massif.  In  Fig.  8,  the  trend-lines  of 
the  Lower  Palaeozoic  sediments  have  been  plotted  from  air  photographs.  They  are 
completely  unaffected  by  the  Cobaw  Granite,  and  meet  the  contact  at  right  angles, 
where  they  are  abruptly  cut  off.  Structures  such  as  small-scale  cross-bedding  have 
been  found  undamaged  within  a  few  feet  of  the  contact.  The  rocks  of  the  contact 
aureole  possess  typical  hornfels  texture  (see  section  on  petrography  above),  which 
indicates  absence  of  stress  (Pitcher  &  Read  1963).  The  belt  of  Cambrian  rocks  is 
cut  through  by  the  granite,  but  on  either  side  of  the  massif  its  N.-S.  trend  is 
maintained  (Fig.  lb).  The  weakness  of  the  flow  structures  also  indicates  little  or 
no  pressure  on  the  magmas  during  emplacement. 

Workers  in  other  areas  of  ‘high-level’  granites  have  concluded  that  ring  dykes 
and  collapse  structures  came  about  while  the  crust  was  either  in  a  neutral  state 
(Billings  1943,  1945)  or  a  tensional  state  (Richey  1932,  Oen  1960);  certainly 
there  was  no  horizontal  compression  acting  in  the  crust  during  the  emplacement. 

(iii)  Pre-existing  fractures  in  the  country  rocks. 

The  existence  of  these  is  indicated  by  the  parallel  trends  of  the  two  E.-W. 
contacts,  and  the  two  arcuate  N.-S.  contacts  of  the  Cobaw  Granite  massif.  More¬ 
over,  the  E.-W.  contacts  are  composed  of  several  very  broad  arcs  (Fig.  7),  and 
the  overall  strike  of  these  arcs  has  the  same  general  E.-W.  direction.  It  is  noticeable 
that  these  E.-W.  boundaries  can  be  produced  to  coincide  with  similar  straight 
boundaries  of  the  neighbouring  Strathbogies  Granite  to  the  E.  (Fig.  lb).  This  may 
reflect  the  existence  of  faults  or  fractures  in  the  basement  beneath  the  Palaeozoic 
sediments  of  the  geosyncline  (cf.  Williams  1964,  p.  313). 

Secondly,  the  Cobaw  Granite  is  centrally  situated  in  the  Riddell  Trough,  and 
shows  complete  discordance  with  it;  the  long  axis  and  the  major  (E.-W.)  contacts 
of  the  massif  are  at  right  angles  to  the  long  axis  of  the  trough  (Fig.  6).  In  this 
part  of  the  Central  Victorian  region,  the  brachyanticlinoria  and  synclinoria  have  a 
N.-S.  strike  (as  do  most  of  the  individual  folds),  and  so  the  direction  of  major  lines 
of  weakness  might  be  expected  to  have  an  E.-W.  trend,  a  relation  analogous  to 
that  shown  by  the  cross-faults  which  form  at  right  angles  to  the  axes  of  folds. 

The  arcuate  nature  of  the  boundaries  (and  hence  of  the  pre-existing  fractures 
in  the  country  rock)  indicates  that  in  these  areas  at  least,  the  lateral  forces  in  the 
crust  at  the  time  of  formation  of  the  fractures  were  equal  and  invariable  (de  Sitter 
1956,  p.  251).  The  existence  of  straight  boundaries  as  well  results  from  the 
structure  of  the  country  rocks — i.e.  the  prevailing  N.-S.  trend  of  the  folds. 
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The  fractures  (or  fracture  zones)  which  governed  the  form  and  emplacement 
of  the  Victorian  granites  were  not  the  faults  in  the  country  rocks  which  formed 
during  the  Tabberabberan  Orogeny,  at  the  end  of  the  Middle  Devonian.  These 
faults,  such  as  the  Muckleford,  Whitelaw,  Mt  William,  and  Heathcote  Faults,  are 
completely  transected  by  the  granites  (Fig.  6).  Accordingly,  the  fractures  used  by 
the  granites  were  generated  after  the  Tabberabberan  Orogeny. 

Summary  of  Conditions  before  and  during  the  Emplacement 

OF  THE  COBAW  GRANITE 

(i)  The  original  granitic  materials  were  magmas. 

(ii)  Emplacement  took  place  in  the  upper  part  of  the  earth’s  crust. 

(iii)  The  crust  was  not  under  compression,  and  was  probably  under  slight 
lateral  tension.  The  lateral  forces  were  mostly  equal  and  invariable. 

(iv)  The  crust  was  cut  into  segments  by  fractures  and  fracture  zones,  which 
were  straight  or  arcuate  in  plan,  and  mainly  vertical  in  depth. 

3.  The  Argument  for  Subaerial  Emplacement  rather  than 

Subsurface  Emplacement 

There  is  no  evidence  in  the  area  which  settles  this  question,  as  all  rocks  older 
than  the  intrusives  and  within  the  boundary  of  the  massif  have  either  been  displaced 
by  the  intrusives  themselves,  or  have  been  eroded  away.  The  complete  absence  of 
volcanics  associated  with  the  Cobaw  Granite  at  first  suggests  subsurface  emplace¬ 
ment  of  the  massif.  However,  in  the  other  Victorian  complexes  that  do  have  volcanic 
rocks  preserved,  the  extrusion  of  these  rocks  was  accompanied  by  central  collapse 
— i.e.  the  vertical  subsidence  was  greatest  in  the  middle  of  the  cauldron  (as  in  the 
Ossipee  Mountains  of  the  U.S.A.;  Kingsley  1931).  Considerable  thicknesses  of 
volcanic  rocks  were  formed,  e.g.  6,000  ft  in  the  Cerberean  cauldron  (Hills  1959, 
p.  548),  and  it  is  the  downfaulting  or  warping  that  has  resulted  in  the  preservation 
of  these  volcanics  to  the  present  day.  If  the  emplacement  of  the  intrusions  of  the 
Cobaw  Granite  were  preceded  by  acid  vulcanism,  the  volcanic  rocks  have  since 
been  entirely  removed  by  erosion.  This  suggests  that  the  volcanics  were  originally 
present  in  smaller  amount,  and  as  a  much  thinner  layer,  than  the  volcanic  piles  of 
the  other  areas,  and  this  implies  that  little  or  no  collapse  occurred,  and  especially 
not  central  collapse.  J 

However,  it  is  not  essential  for  subaerial  cauldron  subsidence  to  be  always 
accompanied  by  central  collapse.  In  many  of  the  ring  complexes  of  the  Younger 
Granite  Province  of  Nigeria  (Jacobson,  Macleod,  &  Black  1958),  and  also  in 
those  of  Queensland  (Branch  1962),  the  volcanics  of  the  cauldrons  are  flat-lying 
except  where  local  upturning  at  the  edges  took  place  owing  to  drag  during  the 
subsidence.  The  circumstances  of  the  Cobaw  Granite  and  its  neighbouring  volcanic 
massifs  are  similar  to  those  in  the  NW.  part  of  the  Nigerian  area,  where  the  Kudaru 
complex  has  no  volcanics,  and  the  Banke  and  Liruei  complexes,  10  miles  away  to 
the  north  and  north-east,  have  plenty  of  volcanics  preserved.  Jacobson  (pers. 
comm.)  feels  that  the  Kudaru  complex  very  probably  did  have  an  early  extrusive 
phase,  and  that  the  volcanics  have  since  been  completely  removed,  owing  to  uplift 
of  the  Kudaru  complex  relative  to  the  others  by  later  block  faulting. 

It  is  possible,  therefore,  that  the  Cobaw  Granite  did  have  a  volcanic  phase,  that 
the  acid  lavas  were  thin  and  restricted,  and  that  they  have  long  since  been  removed 
by  erosion.  It  is  clear  that,  since  the  Upper  Devonian,  a  good  deal  of  denudation 
has  taken  place  in  Central  Victoria,  for  large  areas  of  Lower  Ordovician  rocks  are 
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now  exposed,  and  Silurian  and  Lower  Devonian  rocks  are  completely  absent  W.  of 
the  Mt  William-Heathcote-Colbinabbin  Belt. 

From  the  large  size  of  the  Cobaw  Granite  (24  by  8  miles),  it  is  very  likely  that 
the  initial  bounding  ring  fractures,  which  formed  close  to  the  present  position  of 
the  granite-country  rock  contact,  extended  to  the  surface.  The  volcanics  could 
then  have  been  extruded  from  these,  and  so  constitute  the  earliest  igneous  activity. 
The  phenomenon  that  the  earliest  igneous  phase  in  ring  complexes  is  a  volcamc 
one  has  been  found  in  many  parts  of  the  world,  and  Central  Victoria  is  no  exception 
(Hills  1959).  Indeed,  it  seems  to  me  that  the  first  ring  fractures  could  only  be 
prevented  from  reaching  the  surface  by  a  large  horizontal  fracture  that  had  formed 
even  earlier.  There  seems  no  reason  why  this  fracture  should  form  at  that  stage, 
except  perhaps  by  magma  withdrawal.  This  would  require  connections  (probably 
horizontal)  between  magma  chambers,  and  a  reason  for  their  existence  is  hard  to 
find  Rather,  it  is  more  likely  that  horizontal  fractures  would  form  later,  inside  the 
initial  ring  fractures,  and  so  segment  the  large  block  of  crust  that  had  been  isolated 
by  the  first  fractures. 

4.  The  Argument  for  Block  Subsidence  rather  than  Block  Uplift 

Again,  there  is  no  direct  evidence  either  way,  such  as  fragmentation  of  roof 
rocks  by  doming  (cf.  Smith,  Bailey,  &  Ross  1961),  or  downwarping  of  volcanics. 
However,  a  decision  for  block  subsidence  can  be  reached  on  indirect  lines. 

Granitic  maema  has  a  density  of  about  2  4  (Iddings  1914,  p.  98;  Daly  1933, 
p  46-49,  57;  Shaw  1965,  p.  128),  and  so  it  is  less  dense  than  a  consolidated 
eeosynclinal  filling  of  folded  greenstones,  greywackes,  sandstones,  and  shales,  which 
has  an  overall  density  of  2-7  to  2  8  (Grout  1932,  p.  157;  Daly  1933,  p.  248; 
Holmes  1944,  p.  478).  This  figure  of  2  7  to  2  8  is  supported  by  the  fact  that  the 
basic  vulcanism  of  late  Tertiary  times  in  Central  and  Western  Victoria  took  the 
form  of  copious  outpourings  of  lava,  with  a  density  of  about  2  7  (Holmes  1944, 
p.  479),  not  intrusion  of  dolerite  sills  and  cone  sheets,  so  that  the  crust  must  have 
been  denser  than  the  basalt  magma;  cf.  Carey  (1958). 

It  is  most  likely,  therefore,  that  once  movements  of  blocks  of  country  rock 
started,  these  blocks  sank  rather  than  rose.  The  Cobaw  Granite  is  regarded,  there¬ 
fore,  as  having  been  emplaced  by  block  subsidence. 

5.  Formation  of  Steeply-dipping  Fractures 

As  discussed  above,  these  formed  in  response  to  the  lateral  tension  induced  in 
the  crust  by  the  upthrust  of  the  lighter  granitic  magma  in  the  magma  chamber. 
Some  were  straight  (in  plan),  where  governed  by  pre-existing  weaknesses  in  the 
crust,  derived  from  the  N.-S.  ‘grain’  in  the  country  rocks.  Others  were  arcuate, 
where  pre-existing  weaknesses  were  subordinate.  The  arcuate  fractures  particularly 
provide  support  for  slight  doming,  as  they  indicate  that  inequalities  in  the  forces  in 
the  same  lateral  plane  were  small,  and  this  is  an  inherent  property  of  doming. 

The  attitude  of  the  fractures  was  steeply-dipping  or  vertical,  in  response  to  the 
approximately  horizontal  forces  of  tension,  and  the  fractures  probably  maintained 
this  dip  throughout  their  whole  vertical  extent.  A  constant  dip  is  not  found  in  the 
well-known  diagram  in  E.  M.  Anderson’s  analysis,  where  the  ring  dykes  were 
thought  to  have  formed  by  oblique  shear  along  a  surface  which  lay  at  an  angle  to 
concentric  paraboloidal  surfaces  of  tension  (Anderson  1936,  p.  151),  these  surfaces 
being  approximately  parallel  to  the  top  of  the  magma  chamber.  Accordingly,  the 
dip  of  the  ring  dykes  would  be  expected  to  diminish  towards  the  top,  a  characteristic 
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not  commonly  found  in  actual  occurrences.  However,  Jeffreys  (1936,  p.  162) 
pointed  out  that  once  the  ring  fracture  formed  at  the  top  of  the  magma  chamber, 
it  would  far  more  likely  maintain  its  original  attitude  as  it  extended  upwards,  so 
that  a  more  nearly  cylindrical  fracture  would  result.  Again,  de  Sitter  (1956,  p.  105) 
holds  that  oblique  shear  is  rare  in  naturally  deformed  rocks.  Anderson’s  theory 
was  put  forward  before  the  large  size  of  many  ring  dykes  was  known,  and  it 
explained  the  origin  of  ring  dykes  in  terms  of  fluctuations  of  pressure  in  a  fairly 
small  magma  chamber,  ascribing  a  far  more  active  role  to  the  magma  directly  below 
the  site  of  the  ring  dyke.  In  the  present  hypothesis,  it  is  felt  that  the  ring  dykes 
are  the  result  of  a  certain  arrangement  of  fractures  in  the  roof  of  the  magma 
chamber,  and  that  these  existed  before  vertical  movements  or  pressure  differences 
in  the  magma  began. 

6.  The  Nature  of  Fracture  Zones 

Before  describing  the  sequence  of  events  in  the  Cobaw  Granite,  it  is  necessary 
to  discuss  the  term  ‘fracture  zone’,  already  used  several  times.  Fracture  zones  are 
postulated  (1)  in  order  to  form  a  complete  ring  dyke  before  movement  of  any 
central  block  of  country  rock  occurs,  and  (2)  to  allow  subsidence  of  this  block 
when  its  bounding  fractures  are  vertical  or  inward-dipping.  Where  the  walls  of  a 
block  of  country  rock  are  outward-dipping,  subsidence  is  unrestricted  and  magma 
emplacement  can  take  place  by  simple  permissive  intrusion  into  the  opening  fissure. 
However,  where  the  walls  are  vertical  or  inward-dipping,  subsidence  does  not  open 
a  fissure.  v 

To  solve  this  problem,  Billings  (1943,  where  he  also  gave  full  credit  to  the 
earlier  development  of  essentially  the  same  idea  by  Richey  1932,  p.  99,  132) 
suggested  the  ‘fracture  zone’,  composed  of  a  number  of  straight  or  arcuate  fractures 
arranged  in  a  zone,  and  perhaps  bounded  by  larger  fractures  (Fig.  9b).  The  magma 
could  first  stope  out  this  zone  on  either  the  piecemeal  or  minor  block  stoning 
scale  (the  blocks  in  the  latter  case  are  from  i  to  i  mile  across),  and  so  form  a 
ring  dyke  around  the  central  block  of  country  rock,  which  need  not  yet  have  moved. 
This  would  clear  a  region  around  the  central  block,  and  also  remove  the  support 
provided  by  the  walls.  Eventually  the  central  block  could  break  free  of  the  roof 
and  subside  into  the  magma. 

In  relation  to  this  concept  of  the  fracture  zone,  it  is  worth  noting  that  Clough 
Maufe,  &  Bailey  (1909,  p.  665)  in  their  description  of  the  classic  Glen  Coe 
Cauldron-Subsidence,  concluded  that  the  ‘fault  intrusion’,  which  was  intruded 
around  the  outside  of  the  Glen  Coe  ring  fault  at  the  same  time  as  the  main 
subsidence  took  place,  and  can  be  considered  an  incomplete  ring  dyke,  was 
emplaced  by  piecemeal  stoping,  and  they  also  thought  that  the  magma  may  have 
reached  the  surface  (idem.  p.  666-667 ) . 

Fracture  zones  have  been  invoked  by  Jacobson,  Macleod,  &  Black  (1958 
p.  9,  33,  69)  to  explain  the  emplacement  of  the  ring  dykes  around  some  of  the 
Nigerian  ring  complexes,  and  something  of  the  sort  probably  occurred  in  the 
emplacement  of  the  Cobaw  Granite,  for  the  walls  are  certainly  very  steeply-dipping 
and  parts  of  the  attitude  of  the  platy  flow  structure  suggest  an  inward  dip  (Fig!  8).’ 

Sequence  of  Events  in  the  Emplacement  of  the  Cobaw  Granite 
Introduction 

The  process  of  intrusion  seems  to  be  broadly  this: 

A  body  of  granitic  magma  becomes  positioned  in  the  crust,  and  because  of  its 
lower  density,  tries  to  rise.  Slight  doming  of  the  roof  ensues,  and  the  resulting 
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tension  is  relieved  by  the  formation  of  the  first  ring  (or  polygonal)  fractures  and 
fracture  zones.  These  reach  right  to  the  surface,  and  some  of  the  magma  moves  up 
them,  enlarging  the  channels  by  minor  block  stoping.  Extrusion  of  acid  volcanics 
results,  in  greater  or  lesser  amount,  depending  on  such  factors  as  the  supply  of 
magma,  its  temperature,  composition,  density,  hydrostatic  head,  amount  of  con¬ 
tained  volatiles,  etc. 

The  block  bounded  by  these  initial  ring  fractures  is  now  resting  upon  and 
tending  to  sink  into  the  remaining  magma  below,  which  itself  is  still  trying  to  rise. 
The  resulting  stresses  are  released  by  more  fracturing,  and  these  fractures  would 
probably  have  a  strong  tendency  to  form  within  the  block  enclosed  by  the  initial 
ring  fractures,  because  the  blocks  enclosed  by  these  later  fractures  would  be  so 
much  smaller,  and  therefore  more  easily  displaced  by  the  magma.  This  is  why  the 
later  activity  in  ring  complexes  is  so  commonly  confined  within  the  earliest  ring 
fractures,  another  pattern  shown  throughout  the  world,  and  by  the  Cobaw  Granite. 
Sinking  of  these  smaller  blocks  allows  the  upwelling  of  the  rest  of  the  magma,  to 
give  the  later  intrusions  of  the  complex  inside  the  earlier. 

1.  Preliminary  Minor  Intrusions 

The  intrusive  sequence  began  with  the  intrusion  of  the  hypersthene  porphyrite 
dyke  Gl,  at  Tooborac.  Although  the  dyke  is  irregular  in  plan,  its  overall  trend  is 
arcuate,  and  the  intrusion  was  probably  accomplished  by  stoping  of  an  arcuate 
fracture  zone  (Fig.  9a).  The  dip  of  the  dyke  is  not  known,  but  is  probably  steep. 
The  dyke  probably  reached  the  surface  and  extruded  some  hypersthene  dacite;  if 
so  this  has  been  removed  by  erosion,  and  must  have  been  a  small  flow. 

After  consolidation  of  the  hypersthene  porphyrite,  the  small  irregular  dyke  of 
microgranodiorite  at  Tooborac,  the  porphyritic  microgranodiorite  dyke  at  Mt 
William,  and  the  porphyritic  microgranite  SE.  of  Tooborac  were  intruded.  The  dyke 
at  Mt  William  came  in  by  simple  injection  of  magma  into  a  parallel-sided  fissure 
which  opened  in  the  greenstone.  The  body  at  Tooborac  contains  few  xenoliths,  in 
spite  of  its  irregular  shape;  perhaps  it  was  emplaced  by  stoping  of  several  blocks, 
as  in  the  case  of  the  hypersthene  porphyrite. 

2.  Granite  G2 

After  these  preliminary  intrusions  came  the  uprise  of  the  magma  to  form  a 
complete  360°  ring  dyke  of  granite  G2.  The  precise  attitude  of  the  outer  contact 
of  this  ring  intrusion  is  uncertain,  but  it  is  very  steep,  and  probably  varies  from 
steeply  outward  to  steeply  inward-dipping.  It  is  necessary,  therefore,  to  intrude  the 
granite  by  minor  block  stoping  of  a  ring  fracture  zone,  Fig.  9b,  9c.  This  stoped  out 
a  region  right  around  the  central  block  of  country  rock,  and  resulted  in  the  emplace¬ 
ment  of  the  ring  dyke  of  granite  and  restricted  flows  of  rhyolite  (Fig.  9d,  9e). 
These  must  have  been  thin,  and  it  is  unlikely  that  very  much  subsidence  took  place. 
Several  rhyolite  volcanoes  may  once  have  existed,  positioned  above  the  ring 
fracture  zone.  The  ring  fracture  zone  was  subrectangular  in  shape,  and  had  approxi¬ 
mately  straight  and  parallel  E.-W.  sections  and  arcuate  N.-S.  sections.  However, 
there  were  additional  fractures  outside  the  main  trend  of  fracturing  at  three  of  the 
four  corners.  In  two  of  these,  the  SW.  and  NE.  corners,  the  extra  fractures  were 
arcuate,  but  in  the  SE.  corner  the  fractures  were  straight. 

Evidence  of  the  minor  block  stoping  by  the  granite  G2  can  be  seen  at  a  number 
of  places.  At  Tooborac,  the  medium-grained  granite  dyke,  which  intrudes  the 
country  rock  parallel  to  the  main  contact,  shows  the  actual  stoping  in  progress,  the 
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9  a_.  Intrusion  of  hypersthene  porphyrite ,  Gli  forms  small  flow  of 
hypers+hene  dacite. 


b_.  Formation  of  steeply-dipping  ring  fracture  zone. 


c.  Start  of  intrusion  of  coarse- grained  granite,  G2,  by  minor  block 
stoping  of  ring  fracture  zone. 


+  t  63  ++  +  +  +  +  ++  +  +  G3  -r  + 


Fig.  9.  a  ,b,  and  c — Initial  events  in  the  emplacement  of  the  Cobaw  Granite, 
(a)  irruption  of  Gl,  (b)  formation  of  ring  fracture  zone,  and  (c)  minor  block 
stoping  of  this  to  intrude  G2.  Vertical  and  horizontal  scales  are  equal,  approximately 
8  miles  to  1".  Reference  as  for  Fig.  2,  except  that  all  Cambrian  rocks  are  shown  in 
solid  black,  and  those  labelled  pe  and  D  are  hypothetical  Precambrian  and  Devonian 

rocks  respectively. 
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d.  Intrusion  of  granite,  G2‘,  magma  reaches  surface. 


e  End  of  intrusion  of  granite,  G2 ;  rather  more  magma  reaches  surface 
“to  give  restricted  flows  of  rhyolite,  and  central  block  of  country 
rock  collapses  a  short  distance. 


_f  Formation  of  horizontal  cross-fracture  and  possible  N/S  vertical 
fracture  in  central  block  of  country  rock,  and  steep  ring  fracture  in 
solidified  ring  of  granite,  G2. 


Fig.  9.  d,  e,  and  f — Succeeding  events  in  the  emplacement  of  the  Cobaw  Granite, 
(d)  intrusion  of  G2,  (e)  extrusion  of  restricted  flows  of  rhyolite,  and  (f)  formation 

of  subsurface  fractures. 
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magma  prising  loose  a  slab  of  wall  rock  but  solidifying  before  the  slab  was  finally 
freed.  At  High  Camp,  in  the  SE.  corner,  there  is  a  large  partly  or  wholly  stoped 
block  of  country  rock  in  the  granite.  Elsewhere,  the  entire  contact  of  the  granite 
with  the  country  rocks  shows  irregularities  which  suggest  that  blocks  have  been 
stoped  away.  The  general  rarity  of  xenoliths  and  rafts  is  admittedly  discomforting, 
and  I  can  only  assume  that  they  sank  out  of  sight  into  the  depths  (cf.  Steven  1957, 
p.  369,  and  Oen  1960,  p.  283).  Shaw  (1965,  p.  129)  gives  some  support  for  this 
in  a  quantitative  treatment  of  viscosity  in  granite  magmas.  The  same  problem  is 
encountered  with  the  ring  dykes  of  the  Sara-Fier  complex  of  the  Nigerian  Younger 
Granite  Province  (Turner  1963,  p.  361).  Even  here  a  few  large  blocks  of  country 
rock  have  been  found  in  the  granites,  suggesting  that  large-scale  stoping’  operated 
(idem,  p.  353). 

The  slow  upward  irruption  of  the  granite  magma,  composed  of  a  mush  of 
perthite  phenocrysts,  oligoclase  crystals,  biotite  flakes,  and  residual  liquid,  took 
place  by  approximately  stream-line  flow,  though  some  turbulence  was  present  in 
places,  probably  owing  to  the  presence  of  stoped  blocks,  and  of  ‘lumps’  in  the 
magma  which  contained  more  solid  and  less  liquid  than  the  surrounding  material. 
The  ‘stream-lines’  were  actually  two-dimensional  ‘stream-planes’,  which  were 
oriented  parallel  to  the  boundaries  of  the  ring.  The  tablet-shaped  perthite  and 
biotite  crystals  were  then  dragged  into  parallelism  to  these  planes,  and  the  weak 
platy  flow  structure  in  the  granite  resulted.  The  poor  development  can  be  explained 
by  the  low  pressure  on  the  magma  owing  to  the  absence  of  compression  in  the 
crust,  and  by  the  high  proportion  of  solid  material  in  the  mush,  so  that  it  only 
slowly  welled  upwards,  like  ‘thin  lumpy  porridge’.  The  magma  cooled  and  solidified, 
and  this  was  followed  by  injection  into  the  jointed  country  rocks  of  dykes  of 
porphyritic  microgranite. 

Probably  about  the  same  time  as  the  emplacement  of  the  granite  ring  dyke,  an 
off-shoot  of  granite  formed  the  porphyritic  microgranite  between  Pyalong  and 
Glenaroua.  It  too  is  nearly  devoid  of  xenoliths,  and  its  mechanism  of  intrusion  is 
unknown. 

3.  Granodiorite  G3 

Following  the  emplacement  of  the  ring  of  granite  G2,  there  remained  below  a 
large  body  of  granodiorite  magma.  A  horizontal  cross-fracture  or  zone  of  fractures 
formed  in  the  central  block  of  country  rock,  owing  to  the  tendency  of  the  block  to 
sink  into  this  granodiorite  magma  (Fig.  9f).  The  level  of  the  horizontal  fracture 
(or  zone)  with  respect  to  the  ring  of  granite  is  not  known,  but  it  was  probably  in 
the  upper  part  of  the  block.  The  formation  of  this  cross-fracture  must  have  been 
accompanied  by  the  formation  of  a  steep-sided  ring  fracture  which  was  situated 
entirely  within  the  solidified  (but  unjointed)  ring  dyke  of  granite  G2.  This  is 
indicated  by  the  absence  of  any  screens  of  country  rock  between  the  granite  and 
granodiorite,  and  by  the  overall  regularity  of  the  contact  of  these  two  rocks.  Sub¬ 
surface  cauldron  subsidence  took  place  within  these  fractures  to  allow  the  intrusion 
of  the  granodiorite  G3  inside  the  ring  of  granite  G2  (Fig.  9g). 

The  details  of  this  collapse  are  not  clear — i.e.  whether  subsidence  of  one  great 
block  took  place,  or  of  a  few  large  blocks,  or  of  many  smaller  blocks.  The  remark¬ 
ably  even  shape  of  the  granodiorite  outcrop  strongly  suggests  that  only  one  or  a  very 
few  blocks  were  involved  in  the  collapse,  and  the  indications  of  a  weak  concentric 
planar  orientation  in  the  eastern  half  of  the  granodiorite  (Fig.  8)  suggest  that  the 
collapse  may  have  taken  place  by  subsidence  of  two  blocks  of  roughly  the  same 
size  (Fig.  9h). 
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q.  Intrusion  of  granodiorite.  G3.  starting  in  western  part  of  massif 
by  subsidence  of  block  of  country  rock. 


h.  End  of  intrusion  of  granodiorite ,  63, 
country  rock. 


by  subsidence  of  eastern  block  of 


Intrusion  of  porphyritic  granodiorite,  64.  (i).  Formation  of  arcuate  fracture  in 
country  rock;  (ii)  subsidence  of  block  of  granite  plus  country  rock,  and 
uprise  of  64  magma  to  mingle  with  the  still  liquid  63. 

(i) 


Fig.  9.  g,  h,  and  i — Conclusion  of  main  events  in  the  emplacement  of  the  Cobaw 
Granite,  (g)  start  of  intrusion  of  G3,  (h)  completion  of  intrusion  of  G3,  and 

(i)  intrusion  of  G4. 
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The  evidence  for  piecemeal  stoping  provided  by  (a)  the  concentration  of  the 
hornblende-bearing  xenoliths  in  a  zone  which  follows  the  strike  of  the  Cambrian 
belt,  and  (b)  the  indications  of  a  sedimentary  origin  for  the  non-hornblende-bearing 
xenoliths,  indicates  that  the  granodiorite  had  free  access  to  the  country  rocks  above 
the  cross-fracture.  The  granodiorite  also  stoped  the  granite  on  the  minor  block  scale 
to  some  extent,  and  this  resulted  in  the  small  irregularities  in  the  contact.  However, 
the  overall  evenness  of  the  contact  indicates  that  this  marginal  stoping  cannot  have 
been  much.  As  with  the  medium-grained  granite  dyke  at  Tooborac,  the  forked 
granodiorite  dyke  at  Sidonia  shows  the  granodiorite  stoping  out  some  blocks  of 
granite. 

The  granodiorite  cut  cleanly  across  the  platy  flow  structure  in  the  granite,  so 
that  complete  solidity  of  the  granite  in  the  ring  dyke  before  the  intrusion  of  the 
granodiorite  is  indicated.  The  granodiorite  in  places  became  slightly  porphyritic  at 
the  contact. 

4.  Granodiorite  of  the  Cobaw  Ranges  G4 

Immediately  following  the  intrusion  of  G3  came  the  emplacement  of  the  grano¬ 
diorite  G4.  This  was  managed  by  subsidence  of  a  block  made  of  portions  of 
sedimentary  country  rock  and  granite  G2,  along  an  arcuate  fracture  in  the  country 
rock  which  lay  outside  the  boundary  of  G2  (Fig.  9i).  G4  has  a  sharp  contact 
with  the  sediments,  but  a  transitional  contact  zone  with  G3,  so  that  the  latter  was 
still  partly  fluid  during  the  intrusion  of  G4.  Stoping  of  the  roof  was  negligible,  but 
a  few  xenoliths  of  granite  (G2)  are  present. 

5.  Later  Minor  Intrusions 

Two,  and  possibly  three  small  bodies  of  granodiorite  followed  the  emplacement 
of  G4.  One  formed  the  dyke  of  porphyritic  microgranodiorite  N.  of  Baynton,  which 
was  injected  into  the  ring  of  granite  G2,  perhaps  contemporaneously  with  the 
emplacement  of  G3.  A  much  larger  mass  of  porphyritic  microgranodiorite  formed 
the  intrusion  at  O’Connor’s  Hill  near  the  middle  of  G3,  and  this  caused  some 
recrystallization  of  the  surrounding  rock.  A  small  off-shoot  of  this  intrusion  came  in 
to  the  north-east.  The  porphyritic  texture  of  these  intrusions,  and  of  the  micro- 
granite  between  Pyalong  and  Glenaroua,  resulted  from  their  small  size  and  the 
consequent  more  rapid  cooling  than  in  the  larger,  earlier  masses.  The  mechanism 
of  intrusion  of  the  O’Connor’s  Hill  body  is  unknown,  but  it  was  probably  sub¬ 
sidence  of  large  blocks  of  granodiorite  (G3)  accompanied  by  small-scale  stoping. 
Several  rafts  of  G3  in  the  microgranodiorite  support  this. 

After  these  intrusions  came  the  porphyritic  granodiorite  of  Stony  Ck.  Four 
plugs  of  this  granodiorite  were  injected  at  points  around  the  contact  of  the 
O’Connor’s  Hill  body,  and  a  fifth  off-shoot  was  emplaced  beside  the  off-shoot  from 
the  O’Connor’s  Hill  mass. 

Following  this,  the  small  plug  of  coarse-grained  granodiorite  beside  the  previous 
two  off-shoots,  and  the  eight  minor  intrusions  around  the  margin  of  G4  moved  in. 
The  occurrence  of  these  minor  bodies  in  this  zone  suggests  that  this  was  a  favoured 
site  of  intrusion.  Their  sharp  contacts  indicate  that  G4  had  solidified,  so  they  may 
have  been  injected  along  weaknesses  and  openings  in  the  contact  zone,  which 
formed  as  the  mass  cooled.  They  may  be  the  result  of  the  mingling  of  G4  magma 
with  the  unconsolidated  granodiorite,  G3.  The  granitic  types  may  represent  acid 
differentiates  which  formed  during  the  consolidation  of  the  G4  magma,  perhaps 
assisted  by  minor  melting  of  the  granite  G2. 
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The  concluding  stages  saw  the  injection  into  early  joints  of  porphyritic  micro- 
granodiorite  and  microdiorite  dykes,  sheets  and  dykes  of  aplite,  veins  of  pegmatite, 
and  rare  quartz  reefs.  These  early  joints  probably  formed  in  response  to  E.-W. 
tension  in  the  crust,  as  almost  all  the  dykes  strike  N.-S.  The  dykes  and  rare 
pegmatite  and  quartz  veins  represent  the  ‘dregs’  of  the  magma,  and  conclude  the 
emplacement  history.  Fig.  10  is  a  block  diagram  which  shows  the  final  configuration 
of  the  massif  at  the  present  time. 


Fig.  10 — Block  diagram  of  the  Cobaw  Granite  at  the  present  time,  with  one  corner 
removed  to  show  part  of  the  subsided  block  of  country  rock  in  the  south-western  part 
of  the  massif.  Reference  as  for  Fig.  2,  except  that  all  Cambrian  rocks  are  shown  in 
solid  black,  and  those  labelled  pe  are  the  Precambrian  basement.  Vertical  and 
horizontal  scales  are  equal,  approximately  8  miles  to  1". 
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Explanation  of  Plates 

Plate  32 

Fie.  1— Local  felspathization  of  sericite  hornfels  at  contact  of  granite  G2  and  Ordovician 
country  rock,  in  Mclvor  Ck,  li  miles  SW.  of  Tooborac. 

Fig.  2— Contact  of  dyke  of  granodiorite  G3  (small  boulders,  right)  and  granite  G2  (large 
corestones,  left)  at  Sugarloaf  Hill,  Sidonia;  looking  west. 

Plate  33 

Contact  of  south  branch  of  dyke  of  granodiorite  G3  (right)  and  granite  G2  (left), 
in  creek  I  mile  E.  of  Sugarloaf  Hill,  Sidonia. 


Plate  34 

Fig.  i _ Xenoliths  of  granite  G2  enclosed  in  dyke  of  granodiorite  G3,  in  creek  £  mile  E.  of 

Sugarloaf  Hill,  Sidonia.  .  . 

Fig.  2 _ Platy  parallelism  of  perthite  phenocrysts  in  granite  G2,  exposed  on  subhorizontal  face 

in  creek  i  mile  E.  of  Sugarloaf  Hill,  Sidonia. 

Plate  35 

Fig.  1 _ Lenticular  sedimentary  xenoliths  oriented  in  the  platy  flow  structure  of  the  granite 

G2,  2i  miles  S.  of  Tooborac.  .  .  . 

Fig.  2 _ Numerous  xenoliths  in  granodiorite  G3.  Some  are  tabular  and  of  sedimentary  origin, 

others  are  spheroidal  and  of  igneous  origin.  In  Mclvor  Ck,  H  miles  N.  of  Emu  Flat. 
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THE  SOILS  AND  VEGETATION  AT  TIDAL  RIVER, 

WILSON’S  PROMONTORY 

By  R.  F.  Parsons 

Botany  Department,  University  of  Melbourne 

Abstract 

The  soils  and  vegetation  of  1*25  square  miles  of  country  around  Tidal  R.,  Wilson’s 
Promontory,  are  described  and  mapped.  The  relationship  between  soil  type  and  vegetation  type 
is  discussed.  Distinctive  groups  of  associations  are  recognized  on  each  of  the  major  soil 
subdivisions;  viz. — calcareous  sands,  siliceous  sands,  granitic  soils,  and  peaty  soils.  Within 
each  of  these  subdivisions  water  relations  appear  to  be  the  main  determinants  of  vegetation 
type.  However,  exposure  to  salt  spray  and  tidal  inundation  are  more  important  in  some  areas. 
A  species  list  for  each  of  the  plant  associations  is  appended. 

Introduction 

A  number  of  characteristic  plant  associations  are  widespread  along  the  coast¬ 
lines  of  SE.  Australia,  e.g.  in  SW.  Victoria  (Gibbons  &  Downes  1964),  King  I. 
(Stephens  &  Hosking  1932),  Flinders  I.  (Dimmock  1957),  NE.  Tasmania  (Hubble 
1946),  and  New  South  Wales  (Pidgeon  1942).  However,  the  only  comprehensive 
accounts  of  the  plant  ecology  of  these  associations  are  those  of  Turner,  Carr,  & 
Bird  (1962),  who  made  a  successional  study  at  Corner  Inlet,  Victoria,  and  Pidgeon 
(1942)  who  has  discussed  the  vegetation  of  coastal  areas  in  New  South  Wales. 

This  paper  examines  in  detail  these  plant  associations  in  the  area  around 
Tidal  R.,  Wilson’s  Promontory. 

The  Study  Area 

Wilson’s  Promontory  is  situated  approximately  150  miles  SE.  of  Melbourne. 
It  is  the  most  southerly  part  of  mainland  Australia  (Fig.  1). 

An  area  of  approximately  li  square  miles  was  selected  at  Tidal  R.  The 
location  of  the  area  may  be  seen  in  Fig.  1  and  2. 

As  Wilson’s  Promontory  was  declared  a  National  Park  in  1905,  much  of  the 
study  area  is  relatively  undisturbed  by  man.  However,  80  acres  occupied  by  a 
tourist  camp,  and  smaller  scattered  areas,  disturbed  during  army  occupation  in 
1939-1945,  are  considerably  altered. 

The  principal  aims  of  this  project  were: 

( 1 )  to  record  the  plant  species  present  and  their  frequency  over  the  area,  and 
to  map  the  plant  associations  present,  and 

(2)  to  describe  and  map  the  soils  of  the  area,  in  an  attempt  to  elucidate  some 
of  the  reasons  for  the  observed  distributions  of  the  plant  associations. 

Methods 

An  aerial  photograph  of  the  area  was  marked  with  a  10-chain  grid,  and  at  each 
grid  intersection  the  species  present  and  their  frequency  were  determined  using 
random  quadrats.  A  nest  of  quadrats  was  used,  and  the  species  recorded  at  i,  i, 
1,  2,  4  square  metres.  The  nest  was  repeated  at  random  five  times.  The  soils  were 
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surveyed  by  auger  holes  at  each  grid  intersection  to  a  depth  of  10  ft  where  prac¬ 
ticable.  Supplementary  examinations  were  made  where  necessary. 

The  field  work  was  carried  out  from  February  to  September  1962.  Consequently 
some  annual  and  ephemeral  species  have  escaped  attention  and  the  identification  of 
Gahnia,  Leptocarpus ,  and  some  grasses  has  been  possible  only  to  generic  level. 
Plant  names  follow  Willis  (1962)  for  Pteridophyta  and  Monocotyledoneae,  and 
those  used  by  the  staff  of  the  National  Herbarium  of  Victoria  for  Dicotyledoneae. 
Taxonomically  difficult  specimens  were  checked  by  the  National  Herbarium  of 
Victoria,  and  lodged  in  the  herbarium  of  the  Botany  Department,  University  of 
Melbourne. 

Geology  and  Physiography 

Wilson’s  Promontory  is  composed  of  rugged  granitic  hills,  with  some  Quaternary 
deposits  around  the  coastline.  The  general  topography  of  the  Promontory  can  be 
seen  in  Fig.  2.  Areas  above  the  200  ft  contour  line  can  be  assumed  to  be  granitic, 
and  areas  below  this  altitude  are  composed  of  granite,  granitic  colluvium  or  Quater¬ 
nary  deposits  (principally  sands  and  peats).  The  highest  of  the  granitic  hills  is 
Mt  Latrobe  (2,475  ft).  Some  contour  lines  in  the  study  area  are  shown  in  Fig.  3. 

(a)  The  Granite 

The  granite  is  a  grey,  coarse-grained,  massively-jointed  porphyritic  granite 
containing  felspar  crystals  up  to  4  in.  long  and  2  in.  wide.  Quartz,  orthoclase,  sub¬ 
ordinate  plagioclase,  and  biotite  are  the  main  minerals.  Black  tourmaline  is  widely 
distributed.  The  granite  is  considered  to  be  of  Devonian  age,  but  there  is  no  direct 
evidence  to  establish  the  age  more  precisely  (Reed  1959). 
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Fig.  2 — General  topography  of  Wilson’s  Promontory,  showing  Tidal  R.  (from  Frankenberg  1965). 
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- MAJOR  DUNE  RIDGES  CONTOURS  APPROXIMATE 

Fig.  3 — Map  showing  landforms,  major  dune  ridges,  localities  referred  to  in  the 
text,  and  some  approximate  contour  lines. 

(b)  Quaternary  Deposits 

These  occupy  relatively  small  areas  of  the  Promontory.  However,  about  three- 
quarters  of  the  study  area  is  occupied  by  beach-derived  sands,  which  occur  alone, 
or  mixed  with  either  peat  or  weathered  granitic  detritus  washed  down  the  slopes  of 
the  adjacent  hills. 

The  beach-derived  sands  of  the  area  have  accumulated  in  the  bay  formed  by 
Pillar  Point  and  Norman  Point  (PL  36,  fig.  1).  They  extend  from  the  present 
shoreline  at  least  to  the  NE.  boundary  of  the  study  area,  where  they  are  overlain 
by  peat  deposits. 
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(i)  The  Dunes 

A  series  of  calcareous  parallel  dunes  is  present  behind  the  strandline.  Storm 
waves  have  removed  the  embryonic  dunes,  producing  a  sand  cliff  rising  from  the 
beach 

Mr  W.  Tuddenham,  Department  of  Geography,  University  of  Sydney  (pers. 
comm.)  considers  that  the  calcareous  sand  area  is  composed  both  of  wave-laid 
beach  ridges  (berms)  and  wind-laid  dunes.  No  attempt  has  been  made  to  distinguish 
these  two  categories,  and  in  the  text  both  are  referred  to  as  ‘calcareous  parallel 
dunes’. 

Aerial  photographs  and  field  work  show  at  least  seven  calcareous  parallel  dunes 
in  the  area.  Their  location  is  mapped  in  Fig.  3.  These  dunes,  like  the  beach  itself, 
are  calcareous,  comprising  a  mixture  of  siliceous  particles  mixed  with  broken  shells 
from  marine  beds. 

The  dunes  are  of  low  relief,  rarely  being  more  than  10  ft  from  ridge  to  swale, 
and  are  closely  spaced  (about  70  yds  from  ridge  to  ridge).  These  dunes  seem  to 
be  equivalent  to  the  calcareous  ‘New  Dunes’  reported  by  Jennings  (1959)  on 
King  I.  Jennings  considered  these  ‘New  Dunes’  to  be  of  Recent  age. 

Immediately  behind  the  calcareous  parallel  dunes,  there  is  one  long  siliceous 
parallel  dune  (Fig.  3).  At  the  NW.  end  of  Norman  Bay  this  dune,  in  general,  is 
much  higher  than  the  adjacent  calcareous  parallel  dunes.  Survey  levels  in  this  area 
show  that  the  heights  of  the  calcareous  parallel  dunes  are  from  22  to  26  ft  above 
high-tide  level,  while  the  siliceous  dune  varies  in  height  from  31  to  80  ft  above 
high  tide  level  (levels  from  the  National  Parks  Authority,  Melbourne). 

Landward  from  the  siliceous  parallel  dune  there  is  an  area  of  parabolic  dunes 
(Fig.  3).  These  parabolic  dunes  are  siliceous  and  show  similar  soil  features  to  the 
‘Old  Dunes’  on  King  I.,  which  Jennings  ( 1959)  considered  to  be  of  late  Pleistocene 
age. 

Featureless  sheets  of  siliceous  sand  occur  banked  against  the  lower  granitic 
slopes  of  Mt  Oberon  and  Pillar  Point  (Fig.  3).  That  these  sands  have  been  affected 
by  downwashed  granitic  detritus  is  indicated  by  the  scattered  occurrence  of  quartz 
gravel  throughout  the  soil  profiles  examined. 

The  sequence  of  ‘New’  calcareous  dunes  on  the  coast  and  ‘Old’  siliceous  dunes 
farther  inland  is  known  from  other  parts  of  the  Australian  coast  (Bird  1964),  and 
it  is  usually  assumed  that  the  siliceous  dunes  are  derived  from  the  calcareous  dunes 
by  removal  of  the  shell  material  by  leaching.  The  sand  on  Norman  Bay  beach  is 
calcareous  (CaCOa  =  35-40%).  However,  the  sand  on  the  adjacent  Leonard  Bay 
beach  is  almost  pure  silica  (CaCOa  =  0  1-0  6%),  and  it  is  possible  that  the 
Norman  Bay  siliceous  dunes  were  built  up  at  a  time  when  the  Norman  Bay  beach 
sands  were  siliceous.  Whatever  the  parent  material,  the  Norman  Bay  parabolic 
dunes  show  evidence  of  marked  leaching,  and  are  clearly  much  older  than  the 
calcareous  dunes. 

Dr  E.  C.  F.  Bird,  Australian  National  University,  Canberra  (pers.  comm.) 
considers  that  the  parabolic  dunes  in  the  study  area  have  been  derived  by  rearrange¬ 
ment  of  parallel  dunes  older  than  the  calcareous  ones,  and  that  the  sand  sheets  are 
relics  of  a  still  earlier  phase  of  dune  formation.  It  is  also  possible  that  they  are 
sublittoral  sand  sheets  deposited  during  a  Pleistocene  period  of  higher  sea  level. 
There  appears  to  be  no  means  at  present  of  deciding  whether  the  parabolic  dunes 
are  of  the  same  age  as  the  siliceous  parallel  dune  and  partly  derived  from  it,  or 
whether  they  are  derived  from  older  parallel  dunes  now  no  longer  existing. 
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Various  types  of  dune  limestone  are  common  along  the  Victorian  coast  and, 
on  Wilson’s  Promontory,  dune  limestone  is  conspicuous  at  Darby  R.  and  at 
Oberon  Bay.  However,  in  the  study  area,  dune  limestone  was  only  located  in  one 
small  area  on  top  of  a  small  granitic  hill  adjoining  Pillar  Point  near  the  mouth  of 
Tidal  R.  (Fig.  3).  This  hill  consists  of  calcareous  sands  overlying  granite.  The 
dune  limestone  occurs  as  two  to  three  bands  of  limestone  interstratified  with 
unconsolidated  calcareous  sands.  No  bedding  planes  are  visible  in  the  limestone 
itself,  which  consists  of  sand  grains  cemented  together  by  secondary  calcium 
carbonate.  Similar  deposits  elsewhere  in  southern  Australia  are  probably  of  Pleisto¬ 
cene  age  (Bird  1964). 

(ii)  Swamp  Deposits 

A  low-lying  swamp  occurs  along  the  banks  of  Tidal  R.  This  consists  of  peaty 
soils  overlying  beach-derived  sands,  at  altitudes  less  than  25  ft  above  high  tide 
level.  Where  Tidal  R.  crosses  the  NE.  boundary  of  the  study  area,  a  shell-bed  was 
found  buried  underneath  4  ft  4  in.  to  6  ft  of  peat  and  sand  (Fig.  3).  The  shells 
occurring  in  this  bed  were  kindly  identified  by  Professor  J.  W.  Valentine,  University 
of  California,  Davis,  California,  U.S.A.,  and  are  listed  in  Table  1.  The  shell  species 
present  indicate  an  estuarine  origin  for  the  deposit,  e.g.  Salinator  fragilis  is  an  air 
breather  living  in  backwaters  of  beaches  (lagoons)  more  or  less  under  the  influence 
of  fresh  water. 


Table  1 

Species  List  of  Shells  from  the  Buried  Shell-bed 
Frequencies:  A  =  abundant  C  =  common  R  =  rare 


Species 

Frequency 

Cacozelania  granaria 

C 

A  ustrocochlea  constrict  a 

c 

Legrandina  benardil 

R 

Homalina  deltoidalis 

R 

Conacmea  alta 

R 

Zeacumantis  diemenensis 

c 

Polinices  cf.  sordidus 

R 

Velacumantis  australis 

c 

Soletellina  biradiata 

R 

Niotha  pyrrhus 

R 

Parcanassa  pauperata 

R 

A  cteocina  fusi for  mis 

R 

Cylichnina  pygmaea 

c 

Salinator  fragilis 

A 

My  sella  donaciformis 

R 

Melliteryx  helmsi 

R 

Lepton  trigonale 

R 

Katelysia  peroni 

A 

Diala  semistriata 

A 

Diala  pagodula 

R 

Pseudoliotia  micans 

c 

Batillariella  estuarina 

R 

Mr  E.  D.  Gill,  Assistant  Director,  National  Museum  of  Victoria,  has  kindly 
supplied  a  radio-carbon  dating  for  the  shell-bed.  The  age  was  found  to  be 
6230  ±  430  years  (Ac-12).  According  to  Gill  (1955,  1964)  this  date  places  the 
shell-bed  in  the  Postglacial  Thermal  Maximum,  a  period  of  warmer  climate  with  a 
sea-level  approximately  10  ft  higher  than  at  present  in  Australia.  The  level  of  this 
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deposit  relative  to  mean  high  water  spring  tides  has  not  been  determined.  However, 
Gill  (pers.  comm.)  states  that  similar  emerged  shell-beds  occur  frequently  along  the 
coast  of  Victoria  at  about  the  same  elevation.  He  regards  them  as  products  of  a 
Recent  10  ft  stillstand  and  the  succeeding  emergence. 

The  radio-carbon  dating  indicates  that  a  depth  of  4  to  6  ft  of  swamp  deposits 
has  been  built  up  in  the  last  6,000  years. 

The  peaty  deposits  that  occur  along  Tidal  R.,  then,  may  be  regarded  as  products 
of  coastal  emergence  and  consequent  invasion  by  swamp  plants.  It  is  probable  that 
deposition  and  erosion  by  both  tidal  movements  and  by  fresh  water  draining 
through  Tidal  R.  have  also  affected  their  formation. 

It  appears  that  the  complex  topographic  and  vegetation  pattern  in  this  small 
area  must  be  considered  against  a  background  of  sand  deposition  and  redistribution, 
leaching  and  Recent  coastal  emergence;  it  will  also  depend  on  changes  of  climate 
and  sea-level,  at  least  during  the  Pleistocene  (Bird  1964). 

Climate 

The  nearest  meterological  station  to  the  study  area  is  approximately  12  miles  to 
the  south  at  the  Lighthouse  on  the  southern  tip  of  the  Promontory.  Graphs  of  mean 
monthly  climatic  data  (rainfall,  temperature,  and  length  of  day)  from  this  station 
have  been  published  by  Groves  and  Specht  (1965).  The  following  brief  account  of 
climate  is  taken  partly  from  unpublished  wok  of  Groves  (1964). 

Rainfall  data  at  Tidal  R.  itself  are  available  from  1951  (Table  2).  Mean  annual 
rainfall  is  43  in.  The  monthly  means  show  maxima  in  May  and  June,  and  minima 
in  December  and  January.  Rainfall  variability  has  been  expressed  as  the  mean 
deviation  from  the  mean  as  a  percentage  of  the  mean  (Table  2).  Calculations  show 
that  the  growing  season  for  agricultural  crops,  on  the  basis  of  P/s.d.(0-7B)  >  4 
(Prescott  &  Thomas  1949)  is  almost  12  months.  This  index  is  a  broad  generaliza¬ 
tion  useful  for  regional  comparisons;  within  the  study  area  there  will  be  considerable 
variation  in  the  growing  season  with  topography,  soil  type,  microclimate,  and  plant 
species. 

As  would  be  expected  in  a  maritime  location,  temperatures  are  moderate 
(Table  2)  and  frosts  are  rare. 

NW.  to  SW.  winds  predominate  on  the  Victorian  coast  (Anon.  1944).  Wind 
data  are  available  for  the  Lighthouse  station  as  observer  estimates  for  9  a.m.  and 
3  p.m.  The  monthly  prevailing  wind  direction  is  W.  for  all  months  except  July 
(NW.),  August  (NW.  and  W.),  and  December  (W.  and  NE.).  It  follows  that 
E.  and  SE.  aspects  will  be  considerably  more  sheltered  from  wind  than  W.  and 
NW.  ones  and  consequently  will  be  characterized  by  lower  evapotranspiration  rates. 
Mean  monthly  wind  speeds  show  no  seasonal  trends;  they  vary  from  13  to  18  miles 
per  hour  at  9  a.m.,  and  from  12  to  17  miles  per  hour  at  3  p.m.  These  speeds  are 
similar  to  those  at  other  exposed  coastal  locations  in  southern  Australia,  where 
wind  speed  diminishes  quickly  with  distance  from  the  coast  (Anon.  1944). 

Biotic  Influences 

The  most  important  grazing  animals  present  in  the  area  are  the  introduced 
species  Cervus  porcinus  (hog  deer),  and  Oryctolagus  cuniculus  (rabbit);  and  the 
indigenous  Protemnodon  bicolor  (swamp  wallaby),  Phascolomys  mitchelli  (wom¬ 
bat),  Trichosurus  vulpecula  (brush-tailed  possum),  and  Pseudocheirus  peregrinum 
(ring-tailed  possum). 

The  effect  of  grazing  on  plant  distribution  has  not  been  investigated.  However, 
the  presence  of  localized  heavily-grazed  areas  indicates  that  it  may  well  be  important. 
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Fire 

The  fire  history  of  the  area  is  undocumented.  The  most  recent  large-scale  fire 
in  the  study  area  was  in  1951,  giving  rise  to  two  distinct  ages  of  vegetation  in  a 
number  of  communities.  All  the  associations  of  the  area  except  the  salt-marsh  and 
the  Cyperus  lucidus-Phragmites  communis  grassland  show  clear  evidence  of  having 
been  burnt  at  some  time  in  the  past.  Fire  can  be  expected  to  have  a  marked 
temporary  effect  on  species  composition,  as  indicated  for  heath  (Specht,  Rayson,  & 
Jackman  1958)  and  dry  sclerophyll  forest  (Wood  1937)  in  South  Australia. 

Soils 

The  soils  are  generally  similar  to  the  soils  of  coastal  areas  elsewhere  in  southern 
Australia  (see,  e.g.,  Dimmock  1957,  Hubble  1946).  They  consist  of  beach  sands 
in  various  stages  of  profile  differentiation,  and  peaty  soils  in  poorly  drained  areas. 
On  hillsides,  soils  derived  from  granite  also  occur. 

The  soils  have  been  classified  according  to  the  factual  scheme  of  Northcote 
(1965)  and  their  distribution  mapped  (Fig.  4). 

(a)  Soils  Derived  from  Beach  Sands 

These  soils  vary  from  the  undifferentiated  most  recent  sands  to  older,  markedly 
leached  sands. 

(i)  Soils  of  the  Calcareous  Dunes 

There  are  4  to  7  parallel  calcareous  dunes  behind  the  present  strandline. 
Calcium  carbonate  content  of  the  surface  6  in.  declines  from  35-40%  on  the  beach 
and  foredune  to  7%  on  the  most  leeward  calcareous  dunes. 

The  soils  are  of  the  Uc  1.1 1  principal  profile  form.  They  show  no  obvious  profile 
development  except  for  organic  matter  accumulation  on  the  surface.  This  varies 
from  very  small  amounts  of  organic  matter  on  the  recently  stabilized  sands,  to  a 
marked  A  horizon  with  organic  staining  to  about  20  in.  deep  under  mature  Lepto- 
spermum  laevigatum  thicket. 

A  description  and  some  analyses  of  a  leeward  dune  profile  beneath  mature 
(24  ft  high)  L.  laevigatum  thicket  are  given  in  Table  3  (all  analyses  by  the  methods 
of  Piper  ( 1942),  except  that  phosphorus  is  reported  as  total  P  dissolved  by  4  hours 
boiling  with  concentrated  hydrochloric  acid,  and  determined  by  a  colorimetric 
reduced-molybdate  method). 

pH  increases  down  the  profile  as  a  result  of  leaching  of  calcium  carbonate  from 
the  surface  horizons.  The  high  alkalinity  of  this  soil  type  causes  low  availability  of 


Table  3 

Description  and  Analyses  of  a  Ucl.ll  Soil 
Sample  Site:  5*  Vegetation:  Leptospermum  laevigatum  thicket 


Depth 

(in.) 

Horizon 

Description* 

pH 

CaC03  (%) 

p  (%) 

0-3 

A 

Dark  brown  slightly  coherent  organic  sand 

7-5 

6 

0-076 

3-6 

A 

Dark  brown  slightly  coherent  organic  sand 

7-6 

8 

0-073 

6-12 

A 

Dark  brown  slightly  coherent  organic  sand 

7-8 

10 

0-064 

24-36 

G 

Pale  brown  loose  shell  sand 

8-2 

35 

0-057 

*  For  location  see  Fig.  5. 

+  All  soil  colours  as  Munsell  colours  on  moist  sample. 
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Fig.  4 — Soil  map  of  the  study  area. 


copper,  zinc,  iron,  and  manganese  (Truog  1951).  Although  the  total  phosphorus 
content  is  high  (due  to  the  phosphorus  accumulated  by  some  species  of  shells, 
Thomas  1938),  similar  soils  have  been  shown  to  be  deficient  in  the  amount  of 
phosphorus  available  to  agricultural  species  (Dimmock  1957). 
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(ii)  Soils  of  the  Siliceous  Dunes  and  Sand  Sheets 

These  soils  have  developed  on  beach-derived  sands  landward  from  the  cal¬ 
careous  dunes.  They  occur  on  siliceous  parallel  and  parabolic  dunes  and  on  feature¬ 
less  sand  sheets  banked  against  the  granitic  slopes  of  the  area.  There  are  two  types. 

(1)  Uc2.22  soils.  These  are  leached  sands  darkened  by  organic  material  in 
the  surface  soil  with  a  bleached  A2  horizon  and  with  a  coloured  and  mottled,  but 
not  compacted  B  sand  horizon. 

A  description  and  some  analyses  of  a  profile  taken  from  the  top  of  a  parabolic 
dune  are  given  in  Table  4.  From  the  analyses  it  can  be  seen  that  these  soils  have 


Table  4 

Description  and  Analyses  of  a  Uc2.22  Soil 
Sample  Site:  3  Vegetation:  Casuarina  pusilla-Leptospermum  myrsinoides  heath 


Depth 

(in.) 

Horizon 

Description 

pH 

CaC03  (%) 

p  (%) 

0-3 

A, 

Black  slightly  coherent  organic  sand . . 

5-7 

nil 

0-006 

3-6 

Dark  grey  slightly  coherent  fine  sand 

5-5 

nil 

0-003 

6-12 

A2 

Light  grey  loose  fine  sand  . 

5-4 

nil 

0-002 

24-36 

Bx 

Mottled  light  grey,  yellow  and  yellowish 

brown  loose  fine  sand  . 

5-7 

nil 

n.d.* 

*  n.d.  =  not  determined 


been  leached  completely  of  calcium  carbonate.  Consequently  they  are  acidic  and 
very  low  in  phosphorus.  The  colouring  in  the  B  horizon  is  due  to  iron  and  organic 
matter  leached  down  from  the  A  horizons.  Similarly,  the  B  horizon  is  usually  richer 
in  phosphorus  than  the  A  horizons  of  such  soils  (Graley  1956).  This  is  probably 
also  true  for  other  plant  nutrients. 

The  depth  to  the  B  horizon  from  the  surface  is  very  variable — it  may  occur 
anywhere  between  42  in.  and  120  in.  The  boundary  between  the  A2  and  Bi  horizon 
is  extremely  irregular.  The  B  horizons  examined  all  continued  for  at  least  56  in. 
They  occurred  either  as  loose  or  slightly  coherent  sand. 

Field  determinations  of  soil  reaction  by  colorimetry  indicated  that  the  siliceous 
parallel  dune  has  surface  pH  values  ranging  from  6  5  to  7  0,  while  the  parabolic 
dunes  more  usually  range  from  5  5  to  6  0.  This  difference  suggests  that  the 
parabolic  dunes  are  older  than  the  siliceous  parallel  dune. 

The  Uc2.22  soils  occur  on  siliceous  parallel  and  parabolic  dunes  and  on  the 
sand  sheets,  but  always  in  elevated,  well-drained  positions.  Where  drainage  is 
impeded  a  definite  hardpan  usually  develops,  giving  rise  to  the  Uc2.33  soils 
discussed  below. 

(2)  Uc2.33  soils.  These  soils  are  similar  to  Uc2.22  soils  except  that  a  definite 
hardpan  is  present.  This  hardpan  consists  of  sand  grains  cemented  together  by 
iron  and  organic  matter  (PI.  37,  fig.  1).  It  is  called  variously  orstein,  sandstone, 
and  coffee  rock.  Uc2.33  soils  occur  both  on  the  parabolic  dunes  and  on  the  sand 
sheets.  They  have  not  been  analyzed,  but  can  be  expected  to  have  a  comparable 
nutrient  status  to  the  Uc2.22  soils,  being  of  similar  age  and  parent  material 
(cf.  Graley  1956). 

The  depth  to  the  B  horizon  from  the  surface  is  again  variable,  and  in  the  soils 
examined  was  between  34  in.  and  68  in.  The  boundary  between  the  A2  and  B 
horizons  is  very  irregular,  the  white  sand  of  the  A2  horizon  tongueing  downwards 
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into  the  hardpan  and  forming  vertical  columns  up  to  12  in.  long.  Dimmock  (1957) 
believes  these  columns  to  be  formed  by  channelling  of  drainage.  The  columnar 
hardpan  itself  is  only  a  few  inches  thick — it  forms  a  shell  enclosing  mottled  coherent 
sand. 

As  mentioned  before,  a  definite  hardpan  is  developed  in  situations  of  impeded 
drainage.  In  the  study  area  a  hardpan  usually  occurs  (a)  where  up  to  about  5  ft 
of  sand  occurred  over  the  relatively  impermeable  decomposing  granite  of  the  lower 
hillslopes,  and  (b)  in  low-lying,  poorly  drained  situations  as  a  zone  between  well- 
drained  sands  without  a  hardpan  and  the  peat  soils  of  swampy  depressions.  A 
similar  relationship  between  hardpan  development  and  topography  was  noticed  by 
Turner,  Carr,  &  Bird  (1962)  and  by  Nicolls  &  Dimmock  (1965). 

A  number  of  these  soils  show  evidence  of  alteration  by  erosion  and  deposition 
of  sand.  At  one  site,  a  truncated  profile  was  found  with  a  weathered  organic  pan 
occurring  right  on  the  surface,  and  other  profiles  had  two  distinct  organic  pans 
separated  by  up  to  30  in.  of  loose  sand. 

Gill  (1965)  has  described  Uc2.33  soils  from  Port  Campbell  and  has  established 
by  radio-carbon  dating  that  one  such  soil  was  composed  of  an  A  horizon  of  Upper 
Holocene  age  over  a  B  horizon  of  Pleistocene  to  Lower  Holocene  age.  This  dis- 
conformity  was  attributed  to  stripping  off  of  the  original  A  horizon  during  the 
Postglacial  Thermal  Maximum.  Similar  instability  in  the  Tidal  R.  area  may  account 
for  the  altered  profiles  described  above. 

(b)  Soils  Derived  from  Granite 

These  soils  occur  on  the  granitic  hills  and  ridges  of  the  area,  which  range  in 
altitude  from  50-700  ft.  They  are  very  variable,  ranging  from  skeletal  soils  with 
a  few  inches  of  soil  over  bedrock,  to  soils  up  to  6  ft  deep  over  decomposing  granite. 
This  variability  occurred  over  such  short  distances  that  it  was  only  possible  to 
map  all  the  soils  on  granite  as  one  group.  Such  variability  in  soil  depth  has  also 
been  noted  on  granite  and  granodiorite  by  Holmes,  Leeper,  &  Nicolls  (1940). 

The  majority  of  soils  on  granite  belong  to  Northcote’s  (1965)  gradational  (G) 
primary  profile  form  and  these  will  be  considered  first. 

(i)  Gn  Soils 

Because  the  soils  were  examined  principally  by  auger  holes  and  no  data  on 
the  structure  of  the  B  horizons  were  obtained,  it  was  not  possible  to  completely 
classify  them  using  Northcote’s  (1965)  system.  All  that  can  be  said  is  that  these 
soils  are  Gn  soils,  i.e.  gradational  non-calcareous  soils. 

In  general,  the  Gn  soils  have  an  A,  horizon  of  dark  grey  sand,  an  A2  horizon 
of  greyish  brown  sand  and  a  B  horizon  of  pale  brown,  yellowish  brown  or  yellow 


Table  5 

Description  and  Analyses  of  a  Gn  Soil 

Sample  Site:  4  Vegetation:  Eucalyptus  obliqua-E.  radiata  dry  sclerophyll  forest 


Depth 

(in.) 

Horizon 

Description 

pH 

CaCOj  (%) 

p  (%) 

Gravel  (%) 

0-3 

A, 

Very  dark  grey  organic  gravelly  sand 

5-9 

nil 

0-018 

30 

3-6 

Aa 

Greyish  brown  gravelly  sand  . . 

5-8 

nil 

0-015 

30 

6-12 

B 

Yellowish  brown  gravelly  loamy  sand 

61 

nil 

0-016 

40 

24-36 

B 

Dark  yellowish  brown  gravelly  sandy 

loam . 

6-0 

nil 

0-017 

63 
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loamy  sand  to  light  sandy  clay  loam.  They  are  always  gravelly  throughout  the 
profile.  A  description  and  some  analyses  of  a  Gn  soil  are  given  in  Table  5.  The 
content,  however,  is  more  than  twice  that  of  the  Uc2.22  profile,  due  to  the  continual 
profile  is  acidic  throughout,  and  has  a  low  phosphorus  content.  The  phosphorus 
content,  however,  is  more  than  twice  that  of  the  Uc2.22  profile,  due  to  the  continual 
release  of  phosphorus  by  weathering  of  the  granite,  whereas  in  the  Uc2.22  profile 
the  phosphorus-rich  shell  grit  has  been  removed  entirely  by  leaching. 

These  soils  may  grade  into  skeletal  soils,  or  can  be  up  to  6  ft  deep.  This  variation 
can  be  related  mainly  to  (a)  rates  of  erosion  varying  with  topography  and  (b) 
variable  resistance  of  the  granite  to  weathering — e.g.  large  granite  boulders  were 
found  embedded  in  decomposing  granite. 

(ii)  Dy  Soils 

A  few  areas  of  duplex  soils  with  yellow  clay  B  horizons  (Dy  soils)  were  found. 
In  general  these  soils  have  an  A  horizon  of  dark  greyish  brown  sand  to  sandy  loam 
3  to  6  in.  thick  over  a  greyish  brown  to  light  olive  brown  sandy  clay  with  red 
and  yellow  mottling.  This  may  continue  for  up  to  6  ft,  passing  gradually  into  decom¬ 
posing  granite.  These  soils  are  also  gravelly  throughout  the  "profile  (see  Table  6 
for  description  and  analyses).  The  analyses  for  the  only  profile  examined  show  a 
slightly  lower  phosphorus  content  and  a  more  acidic  subsoil  than  the  Gn  profile 
analyses. 


Table  6 


Description  and  Analyses  of  a  Dy  Soil 
Sample  Site:  2  Vegetation:  Eucalyptus  baxteri  sclerophyll  shrub  woodland 


Depth 

(in.) 

Horizon 

Description 

pH 

CaCOa  (%) 

p  (%) 

Gravel  (%) 

0-3 

A 

Dark  greyish  brown  gravelly  loamy 

sand  . 

6-2 

nil 

0-015 

39 

3-6 

B 

Greyish  brown  gravelly  sandy  clay 

5-6 

nil 

0-012 

44 

6-12 

B 

Greyish  brown  gravelly  sandy  clay 

5-7 

nil 

0010 

67 

12-24 

B 

Light  olive  brown  gravelly  sandy 

clay  with  red  mottling 

5-4 

nil 

0-012 

69 

24-36 

B 

Light  olive  brown  gravelly  sandy 

clay  with  red  mottling 

5-1 

nil 

0-012 

38 

(iii)  Uc4.ll  Soils 

These  skeletal  soils  consist  of  up  to  12  in.  of  soil  over  granite  bedrock.  The 
profile  has  an  Ai  horizon  of  greyish  brown  sand  to  loamy  sand  over  an  A2  horizon 
of  yellowish  brown  sand  to  loamy  sand  on  bedrock.  Both  horizons  are  very  gravelly. 
These  soils  occur  near  outcropping  granite,  on  granite  boulders  close  to  the  soil 
surface,  or  on  steep  slopes  where  weathering  and  erosion  are  in  equilibrium. 

(iv)  Gn  Soils  on  Granitic  Colluvium 

A  small  area  of  these  was  located  (see  Fig.  5)  at  the  foot  of  a  granite  slope. 
One  profile  was  examined  in  detail.  The  description  is  as  follows: 

Depth  (in.) 

0-10  light  yellowish  brown  gravelly  sandy  clay  loam 
10-24  reddish  brown  gravelly  sandy  clay 
24-62  reddish  yellow  gravelly  sandy  clay  loam 
62-82  mottled  reddish  yellow,  brown,  grey  gravelly  sandy  loam 
82  gravel 


332 


R.  F.  PARSONS 


This  is  a  Gn  soil,  but  differs  from  the  other  Gn  soils  on  granite  in  the  finer 
textured  surface  horizon  and  in  the  redder  colours. 

(c)  Peaty  Soils 

In  the  most  poorly  drained  portions  of  the  study  area,  a  water  table  is  present 
at  or  near  the  surface  for  most  of  the  year,  providing  more  or  less  anaerobic  con¬ 
ditions  which  inhibit  the  decomposition  of  organic  matter.  As  a  consequence,  the 
soils  in  these  areas  are  high  in  organic  matter  (peaty),  varying  from  peaty  sand 
to  amorphous  and  fibrous  peats  consisting  almost  entirely  of  organic  matter. 

In  classifying  these  soils,  it  was  impossible  to  rigidly  apply  Northcote’s  (1965  ) 
system  in  the  field.  Laboratory  analysis  is  necessary  to  determine  whether  a  soil 
contains  the  20%  organic  matter  necessary  for  it  to  be  regarded  as  an  organic  (O) 
primary  profile  form.  Therefore,  in  the  field  it  was  necessary  to  determine  sub¬ 
jectively  whether  any  given  horizon  should  be  classified  as  an  organic  sand,  peaty 
sand,  sandy  peat,  or  peat  (in  increasing  order  of  organic  content). 

(i)  Peaty  Sands  and  Sandy  Peats 

These  soils  are  made  up  of  the  partly  decomposed  amorphous  remains  of 
Melaleuca  ericijolia  and/or  M.  squarrosa,  with  a  clearly  visible  sand  content.  A 
description  and  some  analyses  of  one  such  soil  is  given  in  Table  7. 


Table  7 

Description  and  Analyses  of  an  O  Soil 
Sample  Site:  1  Vegetation:  Melaleuca  ericifolia  thicket 


Depth 

(in.) 

Horizon 

Description 

pH 

CaCOa  (%) 

p  (%) 

0-3 

A 

Black  amorphous  peat  with  some  fine 

fibrous  material  . 

5*5 

nil 

0*086 

3-6 

A 

Black  sandy  peat 

5-6 

nil 

0*072 

6-12 

A 

5-9 

nil 

0*053 

12-24 

A 

a  a  »j  •  • 

6-1 

0-01 

0*049 

24-36 

A-C 

Dark  grey  organic  sand  with  a  high  shell 

content  in  the  lower  3  in . 

6-9 

0-02 

0*019 

The  profile  is  acidic  throughout,  but  pH  increases  with  depth  due  to  shell-grit 
from  the  buried  shell  bed  described  earlier.  Despite  the  high  figures  for  %  phos¬ 
phorus,  phosphorus  usually  has  a  low  availability  in  soils  of  this  type  (Hubble 
1946). 

The  soils  mapped  as  peaty  sands  and  sandy  peats  showed  considerable  varia¬ 
bility  of  organic  content  both  between  and  within  profiles.  Up  to  8  ft  of  sandy  peat 
was  recorded,  but  depths  of  5  ft  were  more  usual,  diminishing  to  less  than  1  ft  of 
peaty  sand  in  the  better  drained  swamp  margins.  The  water  table  in  all  these  soils 
may  be  more  than  1  ft  above  the  soil  surface  in  wet  periods,  and  is  close  to  the 
surface  at  other  times. 

The  peaty  horizons  are  underlain  by  mottled,  beach-derived  sands  which  are 
sometimes  cemented  into  a  definite  hardpan.  A  small  area  of  peaty  sand  was  found 
developed  over  granite  in  a  poorly  drained  valley  in  the  granitic  hills. 

(ii)  Amorphous  Peats 

These  soils  are  similar  to  the  previous  group,  but  are  higher  in  organic  matter 
and  have  no  visible  sand  content.  The  peat  is  again  composed  principally  of  the 
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remains  of  Melaleuca  ericifolia  and  M.  squarrosa,  usually  with  some  finely  fibrous 
material  present.  The  profile  consists  of  from  2  ft  to  5  ft  of  amorphous  peat  over 
various  peat-sand  mixtures,  which  pass  into  organic  sand. 

These  soils  are  closely  comparable  to  the  Badenoch  friable  peat  described  by 
Stephens  (1943). 

The  amorphous  peats  occur  in  the  centre  of  the  mam  swamp  area,  especially 
along  the  banks  of  Tidal  R.,  presumably  in  an  area  of  lower  relief  and  poorer 
drainage  than  the  surrounding  sandy  peats  and  peaty  sands. 

(iii)  Fibrous  Peats 

These  soils  consist  of  a  coarse  fibrous  peat,  dark  brown  in  colour,  and  are  at 
least  5  ft  in  depth.  The  predominantly  coarse  fibrous  nature  of  the  peat  is  due  to 
the  abundance  of  sedges  growing  on  them.  Sedges  are  highly  resistant  to  decay 
compared  to  Melaleuca  spp.  (Eardley  1943);  the  important  sedges  on  these  soils 
are  Gymnoschoenus  sphaerocephalus,  Cladium  tetragonum,  Lepidosperma  forsythii, 
and  Gahnia  spp.  These  soils  are  similar  to  the  Milstead  coarse  fibrous  peat  (Stephens 
1943)  but  are  deeper  and  probably  more  acidic  as  they  are  not  influenced  by 

calcareous  springs.  .  , 

It  seems  probable  that  these  soils  occur  in  even  more  poorly  drained  positions 
than  the  amorphous  peats. 

(iv)  Soils  of  the  Tidal  Flats 

These  soils  occur  near  the  mouth  of  Tidal  R.  and  are  subject  to  pronounced 
tidal  influence.  They  are  usually  organic  (O)  soils.  The  profile  consists  of  up  to 
30  in.  of  dark  brown  sandy  peat  with  some  fibrous  material  (probably  chiefly 
remains  of  the  dominent  J uncus  maritimus),  becoming  less  organic  with  depth  and 
passing  into  brown  organic  sand.  However,  sands  with  little  organic  matter  accumu¬ 
lation  also  occur.  These  soils  have  been  mapped  together  with  peaty  sands  and 
sandy  peats. 

The  Plant  Associations 

In  general  the  vegetation  classification  of  Wood  and  Williams  (1960)  is  fol¬ 
lowed.  However,  following  Eardley  ( 1943)  and  Coaldrake  ( 1961 )  the  term  thicket 
has  been  adopted  for  very  dense  stands  of  tall  shrubs  (5  ft  to  25  ft  high)  with  a 
poorly  developed  understory.  Using  Wood  and  Williams’s  symbols,  this  structural 
form  has  the  formula  vd  S,G.  This  creates  a  structural  form  intermediate  in  height 
between  the  heath  and  woodland  of  Wood  and  Williams  (1960). 

The  location  and  extent  of  the  major  associations  are  presented  in  the  vegetation 
map  (Fig.  5). 

(a)  Plant  Associations  of  the  Dunes  and  Sand  Sheets 
(i)  On  Calcareous  Sands 

The  major  association  on  this  soil  type  is  the  Leptospermum  laevigatum  thicket. 
This  is  a  characteristic  community  on  stable  coastal  dunes  in  many  parts  of  Victoria. 
It  is  dominated  by  L.  laevigatum  (Coastal  Tea  Tree),  which  when  mature  is  a 
shrub  up  to  24  ft  high  (Plate  38,  fig.  1).  Leucopogon  parviflorus  usually  occurs  in 
the  association  either  as  a  tall  shrub  or  as  an  undershrub.  One  mature  stand  exam¬ 
ined  had  a  total  density  of  4,018  shrubs/hectare  (2,678  L.  laevigatum,  1,340  L. 
parviflorus) . 

The  most  frequent  understory  perennials  are  Correa  alba,  Lomandra  longifolia, 
Solanum  aviculare,  Muehlenbeckia  adpressa  var.  hastifolia,  Lepidosperma  gladi- 
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Fig.  5 — Vegetation  map  of  the  study  area. 


SOILS  &  VEGETATION,  TIDAL  R„  WILSON’S  PROMONTORY  335 

atum,  Senecio  glomeratus,  Clematis  microphylla,  Swainsona  lessertifolia,  Viola 
hederacea,  Geranium  potentilloides,  Dichondra  repens,  Acaena  sp.,  and  Poa  sp. 

Casuarina  stricta  trees  occur  both  scattered  and  in  small  stands.  Less  frequently 
Banksia  integri folia  (as  a  tree),  Myoporum  insulare,  and  Bursaria  spinosa  (both  as 
tall  shrubs)  occur  in  the  upper  stratum. 

The  L.  laevigatum  thicket  occurs  principally  on  the  calcareous  parallel  dunes, 
and  on  the  lower  SE.  side  of  Pillar  Point,  where  calcareous  sand  has  been  blown 
up  on  to  this  granitic  ridge. 

Small  areas  of  Banksia  integrifolia  woodland  association  also  occur  on  calcareous 
sands.  The  dominant  B.  integrifolia  is  up  to  35  ft  high.  The  understory  consists  of 
Pteridium  esculentum,  with  Dichondra  repens,  Scirpus  antarcticus,  and  other 
herbaceous  species.  B.  integrifolia  associations  are  widespread  on  calcareous  sands 
elsewhere  in  Victoria,  e.g.  at  Corner  Inlet  (Turner,  Carr,  &  Bird  1961). 

Poorly  drained  swales  in  the  calcareous  dunes  support  thickets  of  Melaleuca 
squarrosa  and  M.  ericifolia.  These  thickets  will  be  fully  described  later. 

(ii)  On  Siliceous  Sands 

(1)  The  Casuarina  pusilla-Leptospermum  myrsinoides  heath  association: 

This  is  the  most  widespread  association  on  the  siliceous  parabolic  dunes  and 
deeper  sand  sheets,  dominated  by  the  two  sclerophyllous  shrubs  named  above  which 
here  are  about  2  ft  high,  having  regenerated  from  the  widespread  fires  of  1951  (PI. 
37,  fig.  1 ).  The  other  most  frequent  species  are  Hypolaena  fastigiata,  Lepidosperma 
concavum,  Banksia  marginata,  Isopogon  ceratophyllus ,  Epacris  impressa,  Leuco- 
pogon  virgatus,  Leucopogon  ericoides,  Hakea  sericea,  Xanthorrhoea  australis,  and 
Lomandra  filiforme. 

This  association  has  been  referred  to  as  the  ‘sand  heath’  by  Groves  &  Specht 
(1965);  it  was  formerly  widespread  along  the  Victorian  coast,  varying  from  place 
to  place  in  species  dominance;  much  of  it  is  now  destroyed  (see  Patton  1933, 
Gibbons  &  Downes  1964). 

(2)  Eucalyptus  baxteri-Casuarina  pusilla  heath  association: 

This  differs  from  the  above  in  that  E.  baxteri,  and  less  frequently,  E.  radiata 
occur  as  emergent  shrubs  at  mid-dense  to  open  densities.  It  occurs  on  the  siliceous 
sand  areas  and  on  the  granitic  hills.  Intermediate  structural  forms  frequently  link 
this  heath  with  sclerophyll  shrub  woodland. 

(3)  Eucalyptus  baxteri  low  sclerophyll  woodland  association: 

In  this  association  E.  baxteri  occurs  as  a  dense  upper  stratum  (spacing  less  than 
twice  the  diameter  of  the  canopy)  with  a  well  developed  understory  of  sclerophyllous 
shrubs  (PI.  36,  fig.  2).  For  convenience  it  includes  stands  where  E.  baxteri  occurs 
either  as  a  tall  shrub,  or  as  a  low  tree.  Eucalyptus  radiata  occurs  scattered  in  the 
upper  stratum.  Casuarina  stricta  also  occurs,  especially  on  shallow  soils  around 
granite  outcrops. 

The  most  frequently  occurring  understory  species  are  Xanthorrhoea  australis, 
Hakea  sericea,  Haloragis  tetragyna,  Leptospermum  juniperinum,  Spyridium  parvi- 
folium,  Banksia  marginata,  Banksia  spinulosa,  Billardiera  scandens,  Isopogon 
ceratophyllus,  Correa  reflexa,  Acacia  suaveolens,  Amperea  xiphoclada,  Lepido¬ 
sperma  laterale,  Hibbertia  acicularis,  Lomandra  filiforme,  and  Casuarina  paludosa. 
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(4)  The  L.  laevigatum  thicket  association: 

The  main  area  where  this  thicket  occurs  on  siliceous  sands  is  on  the  siliceous 
parallel  dune.  This  dune  supports  both  mature  thicket  with  a  very  sparse  under- 
story,  and  immature  thicket  with  an  understory  of  sclerophyllous  shrubs  of  the 
C.  pusilla-L.  myrsinoides  heath  association.  This  immature  thicket  can  best  be 
regarded  as  an  ecotone  between  C.  pusilla-L.  myrsinoides  heath  and  L.  laevigatum 
thicket  rather  than  as  a  separate  association.  Similar  immature  thickets  with  sclero¬ 
phyllous  understories  occur  on  some  seaward  parabolic  dunes,  and  scattered  shrubs 
of  L.  laevigatum  occur  on  the  sand  sheets,  especially  in  disturbed  areas. 

(b)  Plant  Associations  of  the  Granitic  Soils 

(i)  On  the  Uc4.11  Soils 

Areas  of  these  shallow  soils  are  scattered  throughout  the  granitic  hills.  They 
carry  a  number  of  associations. 

(1)  The  Kunzea  ambigua  association: 

This  may  occur,  with  various  admixtures  of  L.  laevigatum  and  Hakea  sericea, 
as  a  heath  2  ft  to  5  ft  high,  or  as  a  dense  thicket  12  ft  high  with  some  scattered 
L.  laevigatum ,  Phyllanthus  gunnii,  and  Bedfordia  salicina  as  tall  shrubs,  and  a 
sparse  understory  of  Pteridium  esculentum,  Acaena  sp.,  Geranium  potentilloides , 
and  other  herbaceous  perennials. 

(2)  Leptospermum  laevigatum  communities: 

On  these  soils  L.  laevigatum  occurs  mainly  on  the  exposed  NW.  facing  lower 
slopes  of  Mt  Oberon.  The  L.  laevigatum  thicket  here  is  lower  and  more  open  than 
on  the  dunes,  Casuarina  stricta  is  very  prominent,  and  many  species  from  the 
Casuarina  pusilla-L.  myrsinoides  heath  association  are  present.  This  community 
grades  into  E.  baxteri  low  sclerophyll  shrub  woodland,  and  one  example  of  the 
ecotone  between  these  two  associations  is  the  unmapped  L.  laevigatum-Banksia 
spinulosa  thicket  association,  12  ft  to  15  ft  high,  and  consisting  of  tall  shrubs  of 
L.  laevigatum ,  B.  spinulosa ,  L.  juniperinum,  Hakea  sericea ,  Kunzea  ambigua ,  E. 
baxteri ,  and  Casuarina  stricta  in  order  of  decreasing  frequency.  Spyridium  parvi- 
folium,  Casuarina  pusilla,  and  some  other  sclerophyllous  species  occur  in  the 
understory. 

(3)  The  Casuarina  stricta  woodland  association: 

Small  patches  of  this  association  occur  very  frequently  throughout  the  granitic 
hills  on  Uc4.11  soils.  The  tree  stratum  is  usually  pure  and  dense,  and  there  is 
practically  no  understory. 

(ii)  On  Gradational  (Gn)  and  Duplex  (Dy)  Soils 

The  most  common  association  is  the  E.  baxteri  low  sclerophyll  shrub  woodland 
described  above.  Areas  of  the  E.  baxteri  tall  sclerophyll  shrub  woodland  also  occur. 
This  association  consists  of  trees  of  woodland  from  30-50  ft  high.  There  is  a 
continuous  gradation  to  low  sclerophyll  shrub  woodland.  The  tall  woodland  is  a 
mixture  of  E.  baxteri ,  E.  obliqua ,  and  E.  radiata ,  with  E.  baxteri  usually  pre¬ 
dominating.  The  area  mapped  as  E.  baxteri  tall  sclerophyll  shrub  woodland  on  the 
granitic  soils  of  Pillar  Point  is  probably  more  accurately  described  as  an  E.  obliqua- 
E.  baxteri  association.  In  places,  almost  pure  stands  of  E.  obliqua  occur,  with  a 
few  trees  of  E.  radiata.  However,  on  the  Mt  Oberon  slopes,  E.  obliqua  was  found 
only  in  one  sheltered  swampy  gully  with  an  understory  of  Melaleuca  ericifolia ;  the 
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rest  of  the  tall  sclerophyll  shrub  woodland  there  consists  of  E.  baxteri  with  scattered 
E.  radiata. 

The  most  frequent  species  in  the  understory  arc  Pteridium  esculentum,  Haloragis 
tetragyna,  Bcmksia  spimdosa ,  Lomandra  longifolia,  Diplarrhena  moraea,  Spyridium 
parvifolium,  Lepidosperma  laterale,  Epacris  impressa,  Hibbertia  aspera,  Tetrar- 
rhena  juncea,  and  Danthonia  sp. 

(c)  Plant  Associations  of  the  Peaty  Soils 
(i)  On  Peaty  Sands,  Sandy  Peats,  and  Amorphous  Peats 

(1)  The  J uncus  maritimus-Samolus  repens  association: 

Just  inland  from  the  mouth  of  Tidal  R.  the  soils  vary  from  more  or  less  un¬ 
differentiated  sands  to  sandy  peats  grading  at  30  in.  into  sand.  They  support  a  salt 
marsh  mostly  dominated  by  J  uncus  maritimus  and  Samolus  repens ,  with  Selliera 
radicans,  Gahnia  filum,  Salicornia  quinqueflora,  and  Stipa  teretifolia.  The  last  two 
species  may  become  locally  dominant. 

(2)  The  Melaleuca  ericifolia  thicket  association: 

This  community  is  found  inland  from  the  salt  marsh  on  soils  ranging  from  peaty 
sands  to  amorphous  peats.  The  dominant  species  can  reach  25  ft.  The  association 
is  difficult  to  define  as  the  component  species  change  with  distance  from  the  sea. 

Where  the  thicket  adjoins  the  salt  marsh  the  following  species  form  a  clearly 
defined  ground  layer:  Salicornia  quinqueflora,  Selliera  radicans,  Samolus  repens, 
and  Apium  australe  (PI.  37,  fig.  2).  However,  the  M.  ericifolia  thicket  extends 
along  both  banks  of  Tidal  R.  for  almost  its  whole  distance  through  the  study  area. 
As  the  distance  from  the  sea  increases,  the  salt-marsh  plants  drop  out  of  the 
community,  scattered  tall  shrubs  of  Acacia  verticillata  occur,  and  the  understory 
comprises  scattered  plants  of  Gahnia  sp.,  Goodenia  ovata ,  and  Poa  sp. 

With  increasing  distance  from  Tidal  R.,  M.  squarrosa  replaces  M.  ericifolia. 
However,  these  two  species  occur  as  co-dominants  in  a  smaller  swamp  area  in  a 
dune  hollow  surrounded  by  L.  laevigatum  association  near  the  SE.  margin  of  the 
parallel  dunes.  In  this  M.  ericifolia-M.  squarrosa  association,  Acacia  verticillata 
and  Helichrysum  dendroideum  are  also  prominent,  and  the  understory  is  dominated 
by  Gahnia  sp. 

A  small  area  of  M.  ericifolia  thicket  was  also  found  on  peaty  soils  in  a  wet 
gully  in  the  granitic  Mt  Oberon  slopes.  The  stand  was  35  ft  high  with  scattered 
E.  obliqua  trees  up  to  60  ft  high. 

(3)  The  M.  squarrosa  thicket  association: 

The  most  widespread  of  the  swamp  communities  is  the  Melaleuca  squarrosa 
thicket  association.  This  occurs  adjacent  to  the  M.  ericifolia  association.  The  upper 
stratum  is  usually  about  12  ft  high.  It  includes  scattered  plants  of  Acacia  verticillata 
and  Helichrysum  dendroideum.  Gahnia  sp.  is  the  dominant  understory  species.  The 
other  most  frequent  ones  are  Gleichenia  microphylla,  Phragmites  communis,  Pul - 
tenaea  stricta,  Leptospermum  juniperinum,  Haloragis  tetragyna ,  Goodenia  ovata, 
Leucopogon  australis,  Calorophus  lateriflorus,  Billardiera  scandens,  Bauera  rubioides, 
and  Leptocarpus  sp. 

Eucalyptus  kitsoniana  occurs  scattered  through  the  drier  areas  of  the  association, 
and  a  few  specimens  of  E.  ovata  were  also  found  in  this  habitat.  The  underlying 
soils  range  from  peaty  sands  to  amorphous  peats. 
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(ii)  On  Fibrous  Peats 

In  places,  the  Melaleuca  squarrosa  thicket  association  grades  into  an  association 
in  which  the  M .  squarrosa  is  lower  (5  to  6  ft  high)  and  more  open  (dense  to  mid- 
dense).  This  has  been  designated  the  M .  squarrosa  heath  association.  The  M. 
squarrosa  is  usually  slightly  emergent  above  a  dense  assemblage  of  smaller  swamp 
plants,  of  which  the  following  are  the  most  frequent:  Gymnoschoenus  sphaeroce - 
phalus ,  Pultenaea  strict  a }  Lepidosperma  forsythii. ,  Gleichenia  microphylla,  Cladium 
tetragonum ,  Gahnia  sp.,  Restio  tetraphyllus ,  Leptocarpus  sp.,  Calorophus  lateri - 
florus,  Bauera  rubioides,  Leptospermum  juniperinum ,  Epacris  obtusifolia ,  Epacris 
lanuginosa ,  and  Sprengelia  incarnata  (PI.  38,  fig.  2.  This  association  may  deviate 
from  heath  form  by  the  scattered  occurrence  of  shrubs  of  M.  squarrosa,  Acacia 
verticillata,  Hakea  tereti folia,  and  H.  nodosa  up  to  12  ft  high.  The  association 
occasionally  occurs  over  sandy  peats  with  little  fibrous  material  in  the  profile. 

At  the  inland  limit  of  Tidal  R.  in  the  study  area,  the  western  edge  of  a  large 
stand  of  Cyperus  lucidus-Phragmites  communis  grassland  occurs.  The  association 
consists  almost  entirely  of  the  two  dominants  with  a  few  very  scattered  plants  of 
Cladium  junceum.  The  stand  is  4  ft  to  6  ft  high  and  occurs  in  a  large  swamp 
subject  to  continual  submergence  (PI.  38,  fig.  4)7 

The  Relationships  between  the  Plant  Associations 
and  Soil  Type 

The  general  relationships  of  the  plant  associations  have  been  summarized  in 
Table  8. 

(a)  The  Leptospermum  laevigatum  Thicket 

This  association  can  occur  on  calcareous  sands,  leached  siliceous  sands  and 
the  whole  range  of  granitic  soils.  It  is  therefore  tolerant  of  a  wide  range  of  nutrient 
regimes.  L.  laevigatum  is  absent  from  poorly  drained  sites,  and  its  occurrence  on 
freely  draining  sand  soils  and  on  shallow  (Uc4.11)  soils  over  granite  indicates  a 
tolerance  for  the  driest  sites  in  the  study  area,  along  with  C.  pusilla-L.  myrsinoides 
heath  on  freely  draining  leached  sands,  and  Kunzea  ambigua  heath  on  the  shallowest 
of  the  Uc4.ll  soils. 

The  largest  area  of  L.  laevigatum  thicket  is  on  the  calcareous  dunes.  The  leeward 
edge  of  these  dunes  supports  scattered  trees  of  Banksia  integrifolia  as  an  upper 
stratum  over  L.  laevigatum.  This  suggests  that  where  physiographic  protection  is 
adequate,  succession  to  B.  integrifolia  woodland  may  take  place,  as  proposed  by 
Turner,  Carr,  &  Bird  (1961)  at  Corner  Inlet.  The  presence  of  charred  B.  integri¬ 
folia  stumps  in  some  sheltered  L.  laevigatum  areas  suggests  that  in  some  places 
L.  laevigatum  thicket  is  being  maintained  by  fire. 

The  seaward  calcareous  dunes  are  exposed  to  strong  winds  carrying  salt  spray 
Exclusion  of  B.  integrifolia  woodland  from  seaward  dunes  is  probably  due  to  a 
combination  of  chloride  toxicity  caused  by  salt  spray  (see  Boyce  1954),  higher 
evapotranspiration  and  possibly  mechanical  damage  due  to  wind. 

The  prime  importance  of  shelter  from  salt  spray  and  wind  is  demonstrated  by 
Pidgeon’s  (1942  )  observation  of  a  Eucalyptus  pilularis-E.  botryoides  forest  on 
dunes  (presumably  siliceous)  a  few  feet  from  the  water’s  edge  in  a  sheltered  inlet 
on  the  New  South  Wales  coast.  On  exposed  coastlines  in  this  area,  foredunes  carry 
a  L.  laevigatum  community  as  at  Tidal  R. 

Establishment  of  eucalypts  anywhere  on  the  calcareous  sand  areas  is  unlikely. 
Eucalypts  are  unknown  from  calcareous  beach  sands  in  Victoria  and  a  pot 
experiment  at  present  in  progress  shows  that  E.  baxteri  becomes  severely  chlorotic 


Table  8 

General  Relationships  Between  Vegetation ,  Geology,  Soils,  Topography,  and  Drainage 
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when  grown  on  these  soils.  It  is  probable  that  none  of  the  eucalypts  in  the  study 
area  are  adapted  to  the  specialized  nutrient  conditions  of  the  calcareous  sands. 

The  areas  where  L.  laevigatum  was  recorded  from  granitic  soils  are  all  exposed 
to  strong  winds  carrying  salt  spray  (as  on  the  seaward  Mt  Oberon  slopes).  Field 
and  experimental  evidence  indicates  that  L.  laevigatum  is  one  of  the  most  salt  spray 
tolerant  plants  in  the  study  area,  and  that  its  reduced  size  in  exposed  coastal 
localities  is  due  principally  to  the  toxic  effects  of  salt  spray.  In  the  most  exposed 
coastal  localities,  both  in  the  study  area  and  elsewhere  in  Victoria  (e.g.  at  Point 
Lonsdale)  the  L.  laevigatum  community  is  reduced  in  size  to  a  heath  by  exposure 
to  salt  bearing  winds. 

The  absence  of  Acacia  longifolia  var.  sophorae  from  the  present  foredunes, 
compared  to  its  prominence  elsewhere  on  the  Promontory  (e.g.  at  Darby  R.),  at 
Comer  Inlet  (Turner,  Carr,  &  Bird  1962)  and  the  N.S.W.  coast  (Pidgeon  1942), 
is  probably  due  to  the  removal  of  the  pioneer  stages  of  the  dune  succession  by 
storm  waves.  ( Acacia  longifolia  var.  sophorae  usually  occurs  as  a  pioneer  shrub 
on  beach  and  dunes  (Pidgeon  1942).) 

(b)  The  Associations  of  the  Siliceous  Sands 

"Die  sand  heath  ( Casuarina  pusilla-Leptospermum  myrsinoides  association) 
dominates  the  driest  sites  in  the  leached  sand  areas,  and  in  particular  the  freely 
draining  Uc2.22  soils.  It  also  occupies  areas  of  Uc2.33  soils  exposed  to  strong 
winds,  e.g.  C.  pusilla-L.  myrsinoides  heath  is  found  on  the  exposed  siliceous  sand 
sheet  on  top  of  Pillar  Point  on  Uc2.33  soils  with  a  hardpan  at  30  in.  In  areas 
of  greater  water  availability  Eucalyptus  baxteri  and  E.  radiata  occur,  and  Lepto- 
spermum  juniperinum  and  Xanthorrhoea  australis  become  important  constituents  of 
the  shrub  stratum. 

The  C.  pusilla-L.  myrsinoides  association  is  probably  excluded  from  the  cal¬ 
careous  sands  by  nutritional  factors,  combined  with  competition  from  L.  laevi¬ 
gatum.  There  is  definite  evidence  that  the  occupation  of  part  of  the  siliceous  parallel 
dune  and  some  areas  of  the  seaward  parabolic  dunes  by  Leptospermum  laevigatum 
is  the  result  of  its  invasion  of  the  C.  pusilla-L.  myrsinoides  heath,  and  an  examina¬ 
tion  of  the  ecotone  between  L.  laevigatum  thicket  and  heath  suggests  that  this 
invasion  is  still  proceeding.  The  reasons  for  this  are  at  present  being  studied  by 
Miss  J.  P.  Burrell,  Botany  Department,  University  of  Melbourne. 

The  occurrence  of  C.  pusilla-L.  myrsinoides  heath  on  deep  siliceous  sands  with 
unconsolidated  B  horizons  at  depths  up  to  10  ft,  indicates  a  tolerance  for  the  driest 
and  most  infertile  sites  in  the  siliceous  sand  areas. 

E.  baxteri-C.  pusilla  heath  is  commonly  found  in  locally  wetter  areas  than  the 
adjacent  C.  pusilla-L.  myrsinoides  heath,  e.g.  in  hollows  between  parabolic  dunes, 
and  on  sand  sheet  areas  where  drainage  is  impeded  by  the  underlying  granite. 

E.  baxteri  low  sclerophyll  shrub  woodland  occurs  in  the  wettest  sites  on  leached 
sands.  A  fringe  of  low  sclerophyll  shrub  woodland  was  almost  invariably  found  as 
a  zone  between  C.  pusilla-L.  myrsinoides  heath  on  freely  draining  leached  sands 
and  Melaleuca  squarrosa  thicket  on  water-logged  peaty  soils.  Around  swamp 
margins,  the  following  sequence  occurs  with  increasingly  poor  drainage;  C.  pusilla- 
L.  myrsinoides  heath,  a  narrow  zone  of  heath  dominated  by  Xanthorrhoea  australis, 
a  zone  of  E.  baxteri  low  sclerophyll  shrub  woodland  about  12  ft  high  and  usually 
one  to  two  shrubs  wide,  and  finally  M.  squarrosa  thicket  (PI.  37,  fig.  3). 

On  leached  sands,  then,  the  plant  associations  may  be  ranked  along  a  gradient 
of  increasing  available  water  as  follows:  C.  pusilla-L.  myrsinoides  heath,  E.  baxteri- 
C.  pusilla  heath,  and  E.  baxteri  low  sclerophyll  shrub  woodland.  The  most  import- 
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ant  single  determinant  of  moisture  regime  on  the  leached  sands  is  topographic 
position.  This  in  turn  determines  presence  of,  and  depth  to  a  hardpan,  as  well  as 
degree  of  exposure  to  wind  and  radiation  and  the  amount  of  regional  drainage. 

Because  of  the  relationship  between  topography  and  hardpan  occurrence,  it  is 
difficult  to  establish  whether  soil  fertility  is  also  implicated  in  the  delineation  of  the 
plant  associations  listed  above.  Decreasing  depth  to  the  hardpan  not  only  increases 
water  availability,  but  also  makes  the  comparatively  nutrient-rich  hardpan  more 
accessible  to  plant  roots. 

(c)  The  Associations  of  the  Granitic  Soils 

On  granitic  areas,  the  plant  associations  show  a  definite  sequence  with  soil 
properties.  The  shallowest  soils  around  outcropping  granite  support  a  Kunzea 
ambigua  heath.  Where  these  soils  receive  regional  drainage,  a  K .  ambigua  thicket 
may  develop.  Slightly  deeper  soils  support  Casuarina  stricta  woodland,  and  this 
gives  way  to  E.  baxteri  low  sclerophyll  shrub  woodland  on  soils  deeper  than  about 
one  foot.  In  gullies  and  on  the  sheltered  (SE.)  side  of  Pillar  Point,  an  E.  baxteri 
tall  sclerophyll  shrub  woodland  develops.  Granitic  soils  in  the  most  wind  exposed 
inland  positions  support  an  E.  baxteri-Casuarina  pusilla  heath,  while  in  coastal 
positions  exposed  to  wind  and  salt  spray  they  support  stunted  L.  laevigatum , 
usually  with  some  other  sclerophyllous  shrubs. 

On  granitic  areas  the  plant  associations  can  be  ranked  along  a  gradient  of 
increasing  available  water  as  follows:  Kunzea  ambigua  heath,  K.  ambigua  thicket, 
Casuarina  stricta  woodland,  E .  baxteri-C.  pusilla  heath,  E.  baxteri  low  sclerophyll 
shrub  woodland,  E.  baxteri  tall  sclerophyll  shrub  woodland,  and  E.  obliqua  tall 
sclerophyll  shrub  woodland. 

The  soils  derived  from  granite  are  finer  in  texture  than  the  leached  sands  and 
in  this  rainfall  regime,  will  have  a  superior  moisture  status  (for  the  same  depth  of 
soil).  On  the  granitic  soils,  topography  is  again  the  most  important  determinant  of 
moisture  regime,  especially  in  determining  total  soil  depth,  degree  of  exposure  and 
amount  of  regional  drainage. 

Once  again  it  is  difficult  to  assess  the  role  of  soil  fertility  in  these  vegetation 
changes.  Total  soil  depth  not  only  determines  moisture  regime,  but  also  the  total 
amount  of  available  nutrients. 

The  occurrence  of  E.  obliqua-E .  muelleriana  dry  sclerophyll  forest  on  deep 
leached  beach  sands  on  the  Lilly-Piily  Gully  track  (adjacent  to  the  study  area)  at 
the  foot  of  a  granite  slope  suggests  that  water  relations  may  be  more  important 
than  nutrients  in  determining  whether  heath,  woodland  or  forest  can  develop  in 
any  given  site.  However,  it  is  possible  that  these  inherently  infertile  sands  may 
receive  an  accession  of  nutrients  from  decomposing  granite  further  up  the  slope. 

The  associations  on  granitic  soils  are  similar  to  those  on  siliceous  sands.  The 
higher  nutrient  status  of  the  granitic  soils  does  not  have  a  marked  effect  on  plant 
distribution  and  many  species  occur  on  both  soil  types.  However,  the  C.  pusilla - 
L.  myrsinoides  heath  is  not  present  on  the  granitic  soils  (although  many  of  the 
component  species  are),  and  some  species,  e.g.  Casuarina  stricta ,  are  very  rare  on 
siliceous  sands.  As  C.  stricta  can  grow  on  very  shallow  granitic  soils,  it  would 
appear  that  it  is  excluded  from  the  siliceous  sands  by  their  low  nutrient  status 
rather  than  by  their  inferior  moisture  status  for  the  same  depth  of  soil. 

(d)  The  Associations  of  the  Peaty  Soils 

The  area  behind  the  mouth  of  Tidal  R.  supports  a  Juncus  maritimus-Samolus 
repens  association.  This  salt  marsh  is  maintained  by  frequent  tidal  inundation 
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combined  with  adequate  physiographic  protection  from  wave  erosion.  A  detailed 
account  of  floristically  almost  identical  salt  marshes  on  the  Auckland  Isthmus, 
N.Z.,  is  given  by  Chapman  &  Ronaldson  (1958). 

The  rest  of  the  area  along  the  banks  of  Tidal  R.,  inland  from  the  salt  marsh, 
supports  a  Melaleuca  ericifolia  thicket  association.  The  soils  supporting  this  asso¬ 
ciation  range  from  amorphous  peats  to  peaty  sands.  These  soils  are  all  poorly 
drained  and  subject  to  inundation.  This  inundation  can  be  caused  both  by  banking 
up  of  river  water  by  the  incoming  tide,  and  by  the  incoming  tide  itself.  The  strip 
of  M.  ericifolia  thicket  along  the  banks  of  Tidal  R.  is  subject  to  varying  degrees  of 
tidal  influence — during  conditions  of  high  spring  tides  and  strong  off-shore  winds, 
seawater  penetrates  all  that  part  of  Tidal  R.  included  in  the  study  area. 

The  ecotone  between  the  J.  maritimus-S.  repens  association  and  the  M.  ericifolia 
association  has  been  disturbed  by  recent  fires,  and  it  was  not  possible  to  establish 
whether  succession  to  M.  ericifolia  thicket  is  occurring  along  the  landward  margin 
of  the  salt-marsh. 

Bird  (1962)  has  examined  the  relationship  between  similar  salt-marshes  and 
M.  ericifolia  thicket  in  the  swamps  bordering  the  Gippsland  lakes.  He  analysed  soils 
for  salinity  after  a  dry  period  when  soil  salinity  was  probably  near  its  maximum. 
Yalues  for  salt-marsh  soils  were  consistently  higher,  and  Bird  considered  that  the 
limit  of  salinity  tolerance  of  M.  ericifolia  was  in  the  range  of  2-5-3  0%.  Thus,  soil 
salt  concentration  may  be  one  factor  preventing  M.  ericifolia  from  invading  salt- 
marsh.  However,  both  in  Gippsland  and  at  Tidal  R.  the  salt-marsh  occurs  at  lower 
levels  than  the  M.  ericifolia  thicket,  and  decreased  soil  aeration  as  a  result  of 
increased  inundation  cannot  be  discounted  as  a  factor  in  the  delineation  of  these 
communities. 

It  should  be  noticed  that  M.  ericifolia  thicket  develops  both  in  areas  affected  by 
tides  and  in  poorly  drained  non-tidal  ones  (see  earlier  and  Hamilton  1919).  The 
factors  favouring  the  development  of  either  M.  ericifolia  or  M.  squarrosa  in  fresh 
water  swamps  are  not  known.  Fresh  water  swamps  in  the  study  area  supported 
either  species  or  both.  Stunted  M.  ericifolia  has  been  recorded  on  shallow  soils 
on  granite  on  Doughboy  L,  Comer  Inlet  (Gillham  1961).  In  the  absence  of  fire, 
the  M.  ericifolia  thicket  can  develop  into  a  forest  50-60  ft  high,  as  on  King  L 
(Stephens  &  Hosking  1932). 

A  number  of  communities  occur  in  areas  further  removed  from  tidal  influence. 
The  most  widespread  of  these  communities  is  the  Melaleuca  squarrosa  thicket 
association.  This  occurs  principally  in  a  large  swamp  adjacent  to  Tidal  R.,  but 
further  from  the  river  than  the  M.  ericifolia  thicket.  The  M.  squarrosa  thicket’ may 
be  subject  to  very  occasional  tidal  inundation.  The  relationship  of  M.  squarrosa 
thicket  to  communities  on  the  better  drained  surrounding  sands  has  been  discussed 
earlier.  The  factors  excluding  sclerophyll  shrub  woodland  from  the  badly  drained 
peaty  soils  suporting  M.  squarrosa  are  not  known.  Poor  soil  aeration  is  one 
possibility.  Similarly,  Costin  (1954)  has  noticed  the  absence  of  trees  adapted  to 
wet  peaty  soils  in  the  Monaro  region  of  N.S.W.,  and  he  points  out  that  similar 
soils  in  Northern  Europe  are  frequently  invaded  by  willow,  alder,  or  birch,  which 
are  eventually  replaced  by  climax  deciduous  forest. 

M.  squarrosa  heath  with  Gymnoschoenus  sphaerocephalus  occurs  chiefly  in 
depressions  adjacent  to  M.  squarrosa  thicket.  These  depressions  seem  to  be  more 
waterlogged  than  the  thicket  areas,  the  drainage  of  which  is  probably  assisted  by 
the  proximity  of  Tidal  R.  Similarly,  Eardley  (1943)  observed  stunting  of  M. 
squarrosa  with  increased  waterlogging,  and  Davis  ( 1941 )  observed  Gymnoschoenus 
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sphaerocephalus  replacing  M.  squarrosa  under  conditions  of  increased  waterlogging. 
In  some  areas  M.  squarrosa  heath  may  be  a  stage  in  succession  to  M.  squarrosa 
thicket  after  fire.  The  Cyperus  lucidus-Phragmites  communis  grassland  appears  to 
occupy  the  wettest  site  in  the  study  area — during  the  period  of  the  field  work,  this 
site  was  continually  submerged. 

The  associations  of  the  freshwater  swamp  zone  may  be  tentatively  ranked  in 
order  of  increasing  tolerance  to  waterlogging,  as  follows:  M.  squarrosa  thicket, 
M.  squarrosa  heath,  C.  lucidus-P.  communis  grassland.  Soil  aeration  is  probably 
one  of  the  critical  factors  determining  this  sequence. 

Summary 

As  is  to  be  expected,  a  considerable  number  of  interacting  factors  determine  the 
distribution  of  the  plant  communities.  However,  the  distribution  of  a  number  of 
communities  is  determined  by  clear-cut  habitat  factors.  Examples  of  these  are  the 
L.  laevigatum  communities,  which  occupy  positions  exposed  to  strong  winds  carry¬ 
ing  salt  spray,  irrespective  of  soil  type;  the  salt  marsh  communities,  which  occupy 
soils  frequently  inundated  by  salt  water;  and  the  Melaleuca  thickets,  which  occupy 
soils  which  are  frequently  waterlogged.  The  suite  of  communities  on  siliceous 
sands  are  more  difficult  to  characterize — they  appear  to  be  determined  largely  by 
topographic  position  which  determines  water  supply  and  presence  and  accessibility 
of  the  nutrient-rich  hardpan.  The  similar  suite  of  communities  on  granitic  soils  are 
again  determined  by  topographic  position,  which  is  the  principal  determinant  of  soil 
depth  and  regional  drainage  and  hence  of  water  and  nutrient  supply.  The  most 
favourable  sites  on  both  siliceous  sands  and  granitic  areas  support  a  eucalypt 
dominated  sclerophyll  shrub  woodland,  while  on  calcareous  sands  they  support  a 
Banksia  integrifolia  woodland — this  would  appear  to  be  related  to  the  intolerance 
of  the  eucalypts  in  the  study  area  for  the  low  heavy  metal  availabilities  of  the 
calcareous  sands. 


Acknowledgements 

It  is  a  pleasure  to  acknowledge  the  assistance  of  Mr  G.  Hargreaves  with  much 
of  the  field  work,  of  Mr  E.  Sonenberg  in  identifying  many  plant  specimens,  of  Mr 
J.  Howard  in  the  preparation  of  Fig.  3,  of  Mr  N.  D.  Hallam  with  the  photography, 
and  of  Professor  J.  S.  Turner  and  Miss  M.  Todd  who  provided  some  of  the  calcium 
carbonate  analyses.  Finally,  I  wish  to  thank  Dr  R.  L.  Specht,  who  initiated  the 
project,  and  gave  valuable  assistance  throughout.  The  work  was  supported  by  a 
Melbourne  University  Research  Grant. 

References 

Anonymous,  1944.  Weather  on  the  Australian  Station.  Local  Information.  Royal  Australian 
Air  Force  Publ.  No.  252,  Vol.  2,  Pt  6. 

Bird,  E.  C.  F.,  1962.  The  swamp  paper-bark.  Viet.  Nat.  79:  72-81. 

- ,  1964.  Coastal  Landforms.  Australian  National  University,  Canberra. 

Boyce,  S.  G.,  1954.  The  salt  spray  community.  Ecol.  Monog.  24:  29-67. 

Chapman,  V.  J.,  and  Ronaldson,  J.  W.,  1958.  The  mangrove  and  salt-marsh  fiats  of  the 
Auckland  Isthmus.  DSJR  N.Z.  Bull.  No.  125. 

Coaldrake,  J.  W.,  1961.  The  ecosystem  of  the  coastal  lowlands  (‘Wallum’)  of  southern 
Queensland.  CS/RO  Aust.  Bull.  No.  283. 

Costin,  A.  B.,  1954.  The  species  factor  in  ecology.  Aust.  J.  Set.  17:  82-83. 

Davis,  C.,  1941.  Plant  ecology  of  the  Bulli  district,  ii.  Plant  communities  of  the  plateau  and 
scarp.  Proc.  Linn.  Soc.  N.S.W.  66:  1-19. 

Dimmock,  G.  M.,  1957.  The  soils  of  Flinders  Island,  Tasmania.  CSIRO  Aust.  Div.  of  Soils, 
Soil  Land  Use  Series  No.  23. 


344  R.  F.  PARSONS 

Eardley,  C.  E.,  1943.  An  ecological  study  of  the  vegetation  of  Eight  Mile  Creek  Swamp,  a 
natural  South  Australian  coastal  fen  formation.  Trans.  Roy.  Soc.  S.  Aust.  67:  200-223. 
Frankfnberg,  J.,  1965.  Ecological  studies  on  Eugenia  smithii  Poir.  at  Wilson’s  Promontory, 
Victoria.  Unpublished  manuscript.  Botany  Department,  University  of  Melbourne. 
Gibbons,  F.  R.,  and  Downes,  R.  G.,  1964.  A  study  of  the  land  in  south-western  Victoria. 

Soil  Conservation  Authority  of  Viet.  Tech.  Comm.  No.  3. 

Gill,  E.  D.,  1955.  The  Australian  ‘Arid  Period*.  Aust.  J.  Sci.  17:  204-206. 

- ,  1964.  Rocks  contiguous  with  the  basaltic  cuirass  of  western  Victoria.  Proc.  Roy. 

Soc.  Viet.  77:  331-355. 

- ,  1965.  Radiocarbon  dating  of  Australite  occurrences,  microliths,  fossil  grasstree  and 

humus  podsol  structures.  Aust.  J.  Sci.  27:  300-301. 

Gillham,  M.  E.,  1961.  Plants  and  seabirds  of  granite  islands  in  south-east  Victoria.  Proc. 
Roy.  Soc.  Viet.  74:  21-35. 

Graley,  A.  M.,  1956.  The  laboratory  examination  of  soils  from  Flinders  Island,  Tasmania. 

CSIRO  Aust.  Div.  of  Soils,  Div.  Rep.  No.  10/56. 

Groves,  R.  H.,  1964.  Experimental  studies  on  heath  vegetation.  PhD  thesis.  University  of 
Melbourne. 

Groves,  R.  H.,  and  Specht,  R.  L.,  1965.  Growth  of  heath  vegetation.  I.  Annual  growth  curves 
of  two  heath  ecosystems  in  Australia.  Aust.  J.  Bot.  13:  261-280. 

Hamilton,  A.  A.,  1919.  An  ecological  study  of  the  salt-marsh  vegetation  in  the  Port  Jackson 
district.  Proc.  Linn.  Soc.  N.S.W.  44:  463-513. 

Holmes,  L.  C.,  Leeper,  G.  W.,  and  Njcholls,  K.  D.,  1940.  Soil  and  land  utilization  survey 
of  the  country  around  Berwick.  Proc.  Roy.  Soc.  Viet.  52:  177-238. 

Hooke,  A.  G.,  1959.  The  Gippsland  mallee.  Viet.  Nat.  76:  212. 

Hubble,  G.  D.,  1946.  A  soil  survey  of  part  of  Waterhouse  Estate,  County  of  Dorset,  north¬ 
east  coast,  Tasmania.  CSIRO  Aust.  Bull.  No.  204. 

Jennings,  J.  N.,  1959.  The  coastal  geomorphology  of  King  Island,  Bass  Strait,  in  relation  to 
changes  in  the  relative  level  of  land  and  sea.  Rec.  Queen  Viet.  Mus.  Launceston  N.S. 
No.  11. 

Nicolls,  K.  D.,  and  Dimmock,  G.  M.,  1965.  Soils,  in  Davies,  J.  L.  (ed.),  Atlas  of  Tasmania. 
Lands  and  Surveys  Dept,  Hobart. 

Northcote,  K.  H.,  1965.  A  factual  key  for  the  recognition  of  Australian  soils.  (2nd  ed  ) 
CSIRO  Aust.  Div.  of  Soils ,  Div.  Rep.  No.  2/65. 

Patton,  R.  T.,  1933.  Ecological  studies  in  Victoria.  The  Cheltenham  flora.  Proc.  Roy .  Soc 
Viet.  45:  205-218. 

Pidgeon,  I.  M.,  1941.  The  ecology  of  the  central  coast  area  of  New  South  Wales.  IV.  Forest 
types  on  soils  from  Hawkesbury  sandstone  and  Wianamatta  shale.  Proc.  Roy.  Soc 
N.S.W.  66:  113-137. 

- ,  1942.  Ecological  studies  in  New  South  Wales.  DSc  thesis,  University  of  Sydney. 

Piper,  C.  S.,  1942.  Soil  and  Plant  Analysis.  Hassell,  Adelaide. 

Prescott,  J.  A.,  and  Thomas,  J.  A.,  1949.  The  length  of  the  growing  season.  Proc.  Roy.  Geogr. 
Soc.  Aust.,  S.  Aust.  Br.  50:  42-46. 

Reed,  K.  J.,  1959.  The  geology  of  Wilson’s  Promontory  National  Park.  Unpublished  report. 

Aust.  Academy  of  Sci.  National  Parks  Authority. 

Specht,  R.  L.,  Rayson,  P.,  and  Jackman,  M.  E.,  1958.  Dark  Island  Heath  (Ninety  Mile  Plain 
South  Australia).  VI.  Pyric  succession.  Aust.  J.  Bot.  6:  59-88. 

Stephens,  C.  G.,  1943.  The  pedology  of  a  South  Australian  fen.  Trans.  Roy.  Soc.  S.  Aust. 
67:  191-199. 

Stephens,  C.  G.,  and  Hosking,  J.  S.,  1932.  A  soil  survey  of  King  Island.  CSIRO  Aust.  Bull. 
No.  70. 

Thomas,  R.  G.,  1938.  The  influence  of  geological  conditions  and  soil  composition  on  the 
regional  distribution  of  ‘coast  disease’  in  sheep  in  South  Australia.  CSIRO  Aust.  Bull. 
No.  113:  28-39. 

Truog,  E.,  1951.  Soil  as  a  medium  for  plant  growth,  in  Truog,  E.  (ed.)  Mineral  Nutrition  of 
Plants.  University  of  Wisconsin  Press. 

Turner,  J.  S.,  Car r,  S.  G.  M.,  and  Bird,  E.  C.  F.,  1962.  The  dune  succession  at  Corner  Inlet, 
Victoria.  Proc.  Roy.  Soc.  Viet.  75:  17-33. 

Willis,  J.  H.,  1962.  A  Handbook  to  Plants  in  Victoria ,  vol.  1.  Melbourne  University  Press. 
Wood,  J.  G.,  1937.  The  Vegetation  of  South  Australia.  Govt  Printer,  Adelaide. 

Wood,  J.  G.,  and  Williams,  R.  J.,  1960.  Vegetation,  in  The  Australian  Environment.  CSIRO 
Aust.  and  Melbourne  University  Press. 


345 


SOILS  &  VEGETATION,  TIDAL  R.,  WILSON’S  PROMONTORY 

Explanation  of  Plates 

Plate  36 

Fig.  1 — A  general  view  of  the  study  area  from  Mt  Oberon. 

Fig.  2 — Eucalytus  baxteri  low  sclerophyll  shrub  woodland  with  Kunzea  ambigua  and  Banksia 
spinulosa  conspicuous  in  the  understory  on  a  shallow  granitic  soil. 

Plate  37 

Fig.  1 — Casuarina  pusilla-Leptospermum  myrsinoides  heath  on  a  Uc2.33  soil,  showing  the 
columnar  hardpan. 

Fig.  2 — Melaleuca  ericifolia  thicket. 

Fig.  3 — Zonation  of  communities  with  increasingly  poor  drainage  on  a  leached  sand  area. 

A —Casuarina  pusilla-Leptospermum  myrsinoides  heath.  B — Narrow  fringe  of  Xan- 
thorrhoea  australis.  C — Fringe  of  Eucalyptus  baxteri.  D — Melaleuca  squarrosa  thicket. 

Plate  38 

Fig.  1 — Leptospermum  baevigatum  thicket  on  calcareous  sand. 

Fig.  2 — Melaleuca  squarrosa  heath.  Gymnoschoenus  sphaerocephalus  in  the  foreground. 

Fig.  3 — Juncus  maritimus-Samolus  repens  salt-marsh. 

Fig.  A — Cyperus  lucidus-Phragmites  communis  grassland. 
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Appendix  1 

Native  Plant  Species  Occurring  in  each  of  the  Major  Associations 
c  =  very  common  f  =  frequent  s  =  scattered 


1 —  Eucalyptus  baxteri  tall  sclerophyll  shrub  woodland 

2 —  E.  baxteri  low  sclerophyll  shrub  woodland 

3 —  Casuarina  pusilla-Leptospermum  myrsinoides  heath 

4 —  Leptospermum  laevigatum  thicket 

5 —  Juncus  maritimus-Samolus  repens  salt-marsh 

6 —  Melaleuca  ericifolia  thicket 

7 —  M.  squarrosa  thicket 

8 —  M.  squarrosa  heath 

9 —  Sheltered  slopes  of  Pillar  Point  (including  calcareous  sands  and  granitic  soils) 


Species 


SCHIZAEACEAE 

Schigaea  asperula  N.  A.  Wakefield  . . 
Gleicheniaceae 

Gleichenia  circinnata  Swartz  . 

G.  microphylla  R.Br . 

Dennstaedtiaceae 

Hypolepis  rugosula  (Labill.)  J.Sm . 

Linds  ay  a  linearis  Swartz . 

Pteridium  esculentum  (Forst.  f.)  Nakai 

Adiantaceae 

Adiantum  aethiopicum  L . 

Aspleniaceae 

Asplenium  Jlabellifolium  Cav . 

Blechnaceae 

Blechnum  nudum  (Labill.)  Mett.  ex  Luerss. 
B.  procerum  (Forst.  f.  Swartz) 

Selaginellaceae 

Selaginella  uliginosa  (Labill.)  Spring 

Juncaginaceae 

Triglochin  striata  Ruiz  &  Pav . 

Gramineae 

Agrostis  avenacea  J.  F.  Gmel. 

A.  billardieri  R.Br . 

Danthonia  spp.  inch  D.  setacea  R.Br. 
Distichlis  distichophylla  (Labill.)  Fassett  . . 

Phragmites  communis  Trin . 

Poa  spp . 

Stipa  spp.  inch  S.  semibarbarta  R.Br.  and 
S.  compacta  D.  K.  Hughes  . 

S.  teretifolia  Steud . 

Tetrarrhena  distichophylla  (Labill.)  R.Br..  . 

T.  juncea  R.Br.  . 

Cyperaceae 

Cladium  acutum  (Labill.)  Poir. 

C.  junceum  R.Br . 

C.  letragonum  (Labill.)  J.  M.  Black 

Cyperus  lucidus  R.Br.  . 

Gahnia  spp . 

G.filum  (Labill.)  F.  Muell . 


1 


see  text 
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G.  triftda  Labill.  . 

Gymnoschoenus  sphaeroccphalus  (R.Br.)  Hook.  f.  ... 

Lepidosperma  canescens  Boeck . 

L.  concauum  R.Br . 

L.  elatius  Labill . 

L.  filiforme  Labill . 

L.forsythii  A.  A.  Hamilton . 

L.  gladiatum  Labill.  . 

L.  later  ale  R.Br.  . 

L.  semiteres  F.  Muell.  ex  Boeck . 

Schoenus  apogon  Rocm.  &  Schult . 

S.  breviculmis  Benth.  . 

S.  maschalinus  Roem.  &  Schult . 

S.  tenuissimus  Benth.  . 

Scirpus  antarcticus  L . 

•S',  cernuus  Vahl . 

S.fluitans  L . 

S.  inundatus  (R.Br.)  Poir . 

S.  nodosus  Rottb . 

Tetraria  capillaris  (F.  Muell.)  J.  M.  Black . 

Restionaceae 

Calorophus  lateriflorus  (R.Br.)  F.  Muell . 

Hypolaena  fastigiata  R.Br . . . 

Leptocarpus  spp.  inch  L,  tenax  (Labill.)  R.Br.  and  L. 

brownii  Hook.  f.  . 

Restio  telraphyllus  Labill.  . 

Centrolepidaceae 

Centrolepis  fascicularis  Labill . 

Xyridaceae 

Xyris  operculata  Labill . 

JUNCACEAE 

Luzula  campestris  (L.)  DC . 

Juncus  maritimus  Lam . 

J.  pallidus  R.Br . 

J.  paucijlorus  R.Br . 

J.  revolulus  R.Br . 

Liliaceae 

Burchardia  umbellata  R.Br . 

Chamaescilla  corymbosa  (R.Br.)  F.  Muell.  ex  Benth. 
Dianella  rewluta  R.Br. 

Laxmannia  sessilijlora  Decaisne  . 

Lornandra  filiformis  (Thunb.)  Britten  . 

L.  longifolia  Labill . 

Thysanotus  pater sonii  R.Br . 

7*.  tuberosus  R.Br . * . 

Xanthorrhoea  australis  R.Br . 

Iridaceae 

Diplarrhena  rnoraea  Labill . 

Patersonia  fragilis  (Labill.)  Druce  . 

P.  glabrata  R.Br.  . . . 

Orchidaceae 

Acianthus  reniformis  (R.Br.)  Schlechter . 

Caladenia  caerulea  R.Br . 

C.  carnea  R.Br . 


1 

2 

3 

4 

5 

6 

7 

8 

f 
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C.  clavigera  A.  Cunn.  ex  Lindl . 

C.  deformis  R.Br . 

C.  latifolia  R.Br . 

Corybas  diemenicus  (Lindl.)  H.M.R.  Rupp 

Diuris  longifolia  R.Br . 

Glossodia  major  R.Br . 

Lyperanthus  nigricans  R.Br . 

Prasophyllum  datum  R.Br . 

Pterostylis  vittata  Lindl . _ . 

Thelymitra  antennifera  (Gunn  ex  Lind.)  Hook. 

Casuarinaceae 

Casuarina  paludosa  Sieber  ex  Spreng. 

C.  pusilla  Macklin . 

C.  strieta  Dryand . 

Proteaceae 

Banksia  inUgrifolia  L.f.  . 

B.  marginata  Cav . 

B.  serrata  L.f. . 

B.  spinulosa  Sm . 

Hakea  nodosa  R.Br. 

H.  sericca  Schrad.  &  J.  Wendl . 

H.  teretifolia  (Salisb.)  J.  Britt.  . 

H.  ulicina  R.Br . 

Isopogon  ccratophyllus  R.Br . 

Persoonia  juniperina  Labill . 

Santalaceae 

Exocar pos  cupressiformis  Labill.  . 


POLYGONACEAE 

Muehlenbeckia  adpressa  (Labill.)  Meissn .  f 

Polygonum  strigosum  R.Br.  . 


Chenopodiaceae 

Chenopodium  glaucum  L . 

Hemichroa  pentandra  R.Br.  . 

Rhagodia  baccata  (Labill.)  Moq . 

Salicomia  quinqiujlora  Bunge  ex  Ung.  Sternb. 
Suaeda  australis  (R.Br.)  Moq . 

Aizoaceae 

Disphyma  australc  (Soland.)  J.  M.  Black 
Tetragonia  implexicoma  (Miq.)  Hook.  f. 

Caryophyllaceae 

Colobanthus  apetalus  (Labill.)  Druce 

Sagina  apetala  L . 

Spergularia  media  (L.)  C.  Presl . 

Sldlana  pungcns  Brongn.  . 

Ranunculaceae 

Clematis  aristata  R.Br.  ex  DC.  . 

C.  microphylla  DC . 

Monimiaceae 

Hedycarya  angustifolia  A.  Cunn . 

Lauraceae 

Cassytha  glabella  R.Br . 

C.  pubescens  R.Br . 
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s 
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2 

3 

4 

5 

6 

7 

8 

9 

Cruciferae 

Cakile  edentula  (Bigel.)  Hook,  subsp.  californica  (Heller) 

Hull . 

s 

s 

Hymenolobus  procumbens  (L.)  Nutt,  ex  J.  M.  Black 

s 

Droseraceae 

Drosera  auriculata  Backh.  ex  Planch . 

s 

D.  planchonii  Hook.  f.  . 

s 

f 

D.  pygmaea  DC . 

CUNONIACEAE 

Bauera  rubioides  Andr . 

PlTTOSPORACEAE 

s 

f 

f 

Billardiera  scandens  Sm . 

Bursaria  spinosa  Cav . 

c 

s 

s 

f 

s 

Marianthus  procumbens  (Hook.)  Benth . 

Rosace  ae 

Acaena  sp . 

s 

s 

f 

s 

s 

f 

Rubus  triphyllus  Thunb . 

s 

Mimosaceae 

Acacia  myrtifolia  (Sm.)  Willd.  . 

A.  retinodes  Schlechtendal  var.  or  aria  J.  M.  Black  .  . 

s 

s 

s 

s 

s 

A.  stricta  (Andr.)  Willd.  . . 

A.  suave  ole  ns  (Sm.)  Willd . 

c 

s 

s 

s 

s 

A.  verticillata  (L’Her.)  Willd . 

s 

s 

s 

f 

f 

s 

Papiuonaceae 

Aotus  ericoides  (Vent.)  G.  Don  . 

f 

f 

s 

Bossiaea  cinerea  R.Br . 

s 

B.  prostrata  R.Br . 

s 

s 

Daviesia  ulicifolia  Andr.  . 

s 

s 

Dillwynnia  sericea  A.  Cunn . 

s 

D.  glaberrima  Sm . 

Glycine  clandestine  J.  Wendl . 

f 

c 

s 

Gompholobium  huegelii  Benth . 

s 

G.  minus  Sm . 

s 

s 

Kennedia  prostrata  R.Br . 

s 

s 

s 

Platylobium  obtusangulum  Hook . 

s 

s 

Pultenaea  daphnoides  J.  Wendl.  . 

f 

f 

s 

P.  scabra  R.Br.  . .  . .  . .  . 

P.  stricta  Sims . 

Swainsona  lesser tiifolia  DC . 

s 

s 

f 

s 

f 

c 

Viminaria  juncea  (Schrad.  &  J.  Wendl.)  Hoffmannsegg 

s 

s 

OXALI  DACE  AE 

Oxalis  corniculata  L.  . 

s 

s 

s 

s 

s 

s 

s 

Geraniaceae 

Geranium  potentilloides  L’Herit.  ex  Ait . 

s 

f 

s 

Pelargonium  australe  Willd . 

s 

Rutaceae 

Correa  alba  Andr . 

C.  rejlexa  (Labill.)  Vent . 

f 

c 

f 

f 

Tremandraceae 

Tetratheca  ciliata  Lindl . 

f 

f 

T.  pilosa  Labill . 

f 

f 
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POLYGALACEAE 

Comesperma  calymega  Labill . 

s 

C.  volubile  Labill . 

s 

s 

s 

s 

Euphorbiaceae 

Amperea  xiphoclada  (Sieber  ex  Spreng.)  Druce 

c 

c 

Phyllanthus  gunnii  Hock.  f.  . 

s 

Por anther  a  microphylla  Brongn.  . 

s 

s 

Stackhousiaceae 

Stackhousia  monogyna  Labill . 

s 

Rhamnaceae 

Pomaderris  aspera  Sieber  ex  DC . 

s 

s 

P.  or  aria  F.  Muell.  ex  Reiss . 

s 

f 

Spyridium  parvifolium  (Hook.)  F.  Muell . 

f 

c 

s 

Sterculiaceae 

Thomasia  petalocalyx  F.  Muell . 

s 

Dilleniaceae 

Hibbertia  acicularis  (Labill.)  F.  Muell . 

f 

c 

f 

H.  aspera  DC . 

f 

f 

H.  fasciculata  R.Br.  ex  DC . 

s 

c 

H.  procumbens  (Labill.)  DC . 

s 

H.  sericea  (R.Br.  ex  DC.)  Benth . 

f 

f 

f 

H.  virgata  R.Br.  ex  DC.  . 

s 

Violaceae 

Viola  hederacea  Labill . 

s 

s 

s 

f 

s 

s 

f 

V.  sieberiana  Spreng.  . 

s 

T  HYMELAEACEAE 

Pimelea  spp.  incl.  P.  humilis  R.Br.  . 

s 

c 

Myrtaceae 

Baeekea  ramosissima  A.  Cunn . 

s 

c 

Calytrix  tetragona  Labill . 

s 

f 

Eucalyptus  baxteri  (Benth.)  Maiden  et  Blakely 

c 

c 

f 

E.  kitsoniana  Maiden  . 

s 

E.  obliqua  L’H6r . 

f 

E.  ovata  Labill.  . 

s 

E.  radiata  Sieber  ex  DC.  . 

f 

f 

s 

Kunzea  ambigua  (Sm.)  Druce  . 

f 

f 

f 

Leptospermum  juniperinum  Sm . 

s 

c 

s 

s 

f 

c 

s 

L.  laevigatum  (Gaertn.)  F.  Muell . 

f 

c 

c 

L.  lanigerum  (Ait.)  Sm . 

s 

s 

s 

L .  myrsinoides  Schlecht . 

f 

c 

Melaleuca  ericifolia  Sm . 

c 

f 

M.  squarrosa  Labill.  . 

f 

c 

c 

s 

Haloragaceae 

Haloragis  tetragyna  (Labill.)  Hook.  f.  . 

c 

c 

f 

f 

f 

Myriophyllum  amphibium  Labill . 

s 

s 

Umbel  li  ferae 

Apium  prostratum  Labill.  . . 

s 

f 

s 

Hydrocotyle  callicarpa  Bunge  . 

s 

s 

Lilaeopsis  australica  (F.  Muell.)  A.  W.  Hill 

s 

Platysace  heterophylla  (Benth.)  Norman . 

s 

f 

Xanthosia  dissecta  Hook.  f.  . 

s 
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7 

8 

9 

X.  pusilla  Bunge  . 

s 

X.  tridentata  DC . 

s 

s 

Epacridaceae 

Acrotriche  serrulata  (Labill.)  R.Br . 

f 

f 

s 

Astroloma  humifusum  (Cav.)  R.Br . 

s 

s 

s 

Epacris  impressa  Labill . 

E.  lanuginosa  Labill.  . 

c 

c 

c 

c 

E.  obtusifolia  Sm . 

f 

c 

Leucopogon  australis  R.Br.  . 

s 

f 

s 

L.  ericoides  (Sm.)  R.Br. . 

L.  parviflorus  (Andr.)  Lindl . 

s 

c 

c 

L.  virgatus  (Labill.)  R.Br . 

s 

c 

Monotoca  elliplica  (Sm.)  R.Br.  . 

M.  scoparia  (Sm.)  R.Br.  . 

s 

s 

Sprengelia  incarnata  Sm . 

c 

Primulaceae 

Samolus  repent  (Forst.  et  Forst.  f.)  Pers.  . 

c 

f 

Gentianaceae 

Centaurium  spp.  . 

s 

f 

Apocynaceae 

Alyxia  buxifolia  R.Br . 

s 

CONVOLVULACEAE 

Dichondra  repens  Forst.  et  Forst.  f. . 

c 

s 

s 

c 

Boraginaceae 

Cynoglossum  australe  R.Br.  . 

s 

Solanaceae 

Solanum  aviculare  Forst.  f.  . 

f 

S.  vescum  F.  Muell . 

s 

Scrophulariaceae 

Mazus  pumilio  R.Br.  . 

Veronica  calycina  R.Br . 

V.  derwentia  Andr . 

s 

s 

s 

Bignoniaceae 

Pandorea  pandorana  (Andr.)  Steenis . 

s 

Lentibulariaceae 

Utricularia  dichotoma  Labill . 

s 

U.  lateriflora  R.Br . 

Myoporaceae 

Myoporum  insulate  R.Br . 

s 

s 

s 

s 

Plant  aginaceae 

Plantago  debilis  R.Br . 

Rubiaceae 

s 

Coprosma  quadriflda  (Labill.)  Robinson . 

Galium  australe  DC.  . 

s 

s 

s 

G.  gaudichaudii  DC.  . 

Opercularia  ovata  Hook.  f. . 

s 

s 

s 

0.  varia  Hook.  f.  . 

s 

f 
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Gaprifoliaceae 

Sambucus  gaudichaudiana  DC . 

Campanulaceae 

Lobelia  alata  Labill . 

L.  gibbosa  Labill . 

Wahlenbergia  spp . 

Goodeniaceae 

Goodenia  ovata  Sm . 

Scaevola  pallida  R.Br . 

Selliera  radicans  Gav . 

Stylidiaceae 

Stylidium  graminifolium  Swartz . 

COMPOSITAE 

Bedfordia  ialicina  (Labill.)  DC . 

Brachycome  diversifolia  (R.  Graham  ex  Hook.)  Fisch.  & 
C.  Mey . 

B.  graminea  (Labill.)  F.  Muell . 

Cassinia  spectabilis  (Labill.)  R.Br . 

Cotula  coroTWpifolia  L . 

C.  reptans  (Benth.)  Benth.  var  major  Benth. 

C.  vulgaris  Levyns  var.  australasica  J.  H.  Willis  . . 

Gnaphalium  candidissimum  Lam . 

G.japonicum  Thunb . 

G.  luteo-album  L . 

Helichrysum  apiculatum  (Labill.)  DC . 

H.  baxteri  A.  Cunn.  cx  DC . 

H.  dendroideum  N.  A.  Wakefield  . 

H.  gunnii  (Hook,  f.)  Benth . 

H.  obtusifolium  F.  Muell.  et  Sond.  ex  Sond. 

H*  scorpioides  Labill.  . 

Lagenopkora  stipitata  (Labill.)  Druce  . 

Olearia  argophylla  (Labill.)  Benth.  . 

O.  axillaris  (DC.)  Benth.  . 

O.  ciliata  (Benth.)  Benth . 

O.  glutinosa  (Lindl.)  Benth . 

O.  phlogopappa  (Labill.)  DC . 

O.  lirata  (Sims)  Hutch . 

O.  ramulosa  (Labill.)  Benth . 

O.  rugosa  (F.  Muell.  ex  Archer)  Hutch . 

Senecio  glomeratus  Desf.  ex  Poir . 

S.  hispidulus  A.  Rich.  . 

S .  lautus  Forst.  f.  ex  Willd . 

S.  minimus  Poir.  . 

Sigesbeckia  orientalis  L . , . 


1 

2 

3 

4 

5 

6 

7 

8 

9 

s 

f 

s 

s 

s 

s 

f 

s 

c 

s 

s 

f 

f 

s 

s 

s 

s 

s 

f 

s 

f 

s 

s 
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A  Preliminary  List  of  the  Naturalized  Alien  Species  Occurring 
in  Each  of  the  Major  Associations 

(Many  of  these  species  occur  in  disturbed  areas  within  the  plant  associations  indicated) 

1 —  Eucalyptus  baxteri  tall  sclerophyll  shrub  woodland 

2 —  E.  baxteri  low  sclerophyll  shrub  woodland 

3 —  Casuarina  pusilla-Leptospermum  myrsinoides  heath 

4 —  Leptospermum  laevigatum  thicket 

5 —  J uncus  maritimus-Samolus  repens  salt-marsh 

6 —  Melaleuca  ericifolia  thicket 

7 —  M.  squarrosa  thicket 

8 —  M.  squarrosa  heath 

9 —  Sheltered  slopes  of  Pillar  Point 


Species 


Gramineae 

Agropyron  junceum  (L.)  Pal.  Beauv . 

Ammophila  arenaria  (L.)  Link.  . 

Briza  maxima  L . 

Bromus  diandrus  Roth . 

Cynodon  dactylon  (L.)  Pcrs . 

Dactylis  glomerata  L.  . 

Ehrharta  erecta  Lam.  . 

E.  longiflora  Sm . 

Holcus  lanaius  L. 

Hordeum  leporinum  Link . 

Lagurus  ovalus  L . 

Lolium  perenne  L . 

Parapholis  strigosa  (Dumort.)  C.  E.  Hubbard 
Pennisetum  clandestinwn  Hochst.  ex  Chiov. 
Sporobolus  capensis  Kunth . 

Caryophyllaceae 

Cerastium  glomeratum  Thuill . . 


Papilionaceae 
Medicago  lupulina  L. 

M.  minima  (L.)  L . 

Melilotus  indica  (L.)  All. 
Trifolium  campestre  Schreb. 
T.  repens  L . 

Euphorbiaceae 
Euphorbia  peplus  L. 


Primulaceae 
Anagallis  arvensis  L. 

Plantaginaceae 
Plantago  coronopus  L. 

Compositae 

Arctotheca  calendula  (L.)  Levyns 
Cirsium  vulgar e  (Savi)  Ten. 
Conyza  bonariensis  (L.)  Gronquist 

Hypochoeris  spp . 

Sonchus  spp . 


354 


R.  F.  PARSONS 
Appendix  3 

Notes  on  the  Distribution  of  the  Tree  Species 

Eucalytus  kitsoniana.  In  the  study  area  this  eucalypt  occurs  scattered  in  poorly  drained 
areas  with  Melaleuca  squarrosa.  It  occurs  frequently  in  similar  situations  elsewhere  on  the 
Promontory  (e.g.  along  the  Vereker  track)  as  well  as  at  the  summit  of  Mt  Oberon  in  a  very 
exposed  position  on  shallow  soils  between  granite  boulders.  Other  recorded  occurrences  are 
in  South  Gippsland  (e.g.  around  Meeniyan  and  Stony  Ck,  Hooke  (1959),  a  few  miles  E.  of 
Cape  Otway  (Hooke  1959)  and  on  poorly  drained  sites  in  SW.  Victoria  (Gibbons  &  Downes 
1964) ). 

E.  ovata .  Occurs  scattered  in  Melaleuca  squarrosa  swamp. 

E.  obliqua.  Occurs  only  in  sheltered,  well-watered  sites,  and  in  the  study  area  only  on 
granitic  soils.  However,  on  the  Lilly-Pilly  Gully  track,  adjacent  to  the  study  area,  it  is  found 
on  leached  beach  sands  at  the  foot  of  a  granitic  slope,  as  a  constituent  of  dry  sclerophyll 
forest,  in  mixture  with  E.  muelleriana  and  E.  globulus. 

E.  baxteri  and  E.  radiata.  Both  species  are  found  on  leached  beach  sands  and  granitic 
soils.  This  occurrence  of  E.  baxteri  falls  within  the  climatic  tolerance  range  of  E.  baxteri 
observed  by  Pidgeon  (1941)  on  infertile  soils  of  the  central  coast  of  N.S.W.  (described  as 
E.  capitellata  in  Pidgeon’s  figure).  However,  Pidgeon  does  not  record  E.  radiata  at  altitudes 
lower  than  about  1,800  ft,  which  indicates  a  markedly  different  distribution  pattern  for  this 
species  in  central  coastal  N.S.W.  than  that  at  Tidal  R. 

Banksia  integrifolia.  This  tree  is  found  chiefly  on  calcareous  sands,  but  occurs  occasionally 
on  various  granitic  soils.  J 

B.  serrata.  Only  two  young  specimens  of  this  tree  were  found.  They  occurred  on  the  sand 
sheet  NE.  of  Pillar  Point,  with  C.  pusilla-L.  myrsinoides  heath.  This  contrasts  with  the 
development  of  B.  serrata  sclerophyll  shrub  woodland  on  leached  sands  elsewhere  on  the 
Promontory  (e.g.  along  the  Vereker  track). 

Casuarina  stricta.  This  tree  occurs  commonly  on  calcareous  sands  and  shallow  granitic 
soils,  but  only  very  occasionally  on  leached  sands.  It  can  occupy  sites  of  lower  moisture  status 
than  any  other  tree  in  the  study  area. 
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THE  BRACHIOPOD  GENUS  MAORISTROPHIA  ALLAN 
(LOWER  DEVONIAN,  STROPHOMENACEA)  REDESCRIBED 
By  E.  D.  Gill,1  A.  J.  Boucot,2  &  J.  G.  Johnson2 

1  National  Museum  of  Victoria,  Melbourne,  Australia 

2  California  Institute  of  Technology,  Pasadena,  California,  U.S.A. 

Abstract 

Maoristrophia  was  formerly  assigned  to  the  Strophomenacean  family  Stropheodontidae, 
but  a  review  of  the  internal  morphology  based  on  well  preserved  specimens  from  Reefton, 
New  Zealand  and  from  Victoria,  Australia,  indicates  a  possible  assignment  to  the  family 
Strophomenidae,  but  it  is  emphasized  that  the  direct  ancestor  of  Maoristrophia  is  unknown. 
Maoristrophia  is  recognized  beyond  the  New  Zealand,  south-eastern  Australia-Tasmania  region 
for  the  first  time.  It  represented  in  Kazakhstan  by  the  species  Maoristrophia  (formerly 
Leptostrophia)  carinata  (Borisyak). 

Introduction 

The  writers  have  had  a  keen  interest  in  the  genus  Maoristrophia  Allan  1947 
because  it  appears  to  be  a  Lower  Devonian  brachiopod  restricted  geographically 
and  having  relatively  unusual  morphology.  It  has  been  known  for  a  number  of 
years  from  the  New  Zealand-Australia  region  and  we  had  regarded  it  as  an  endemic 
form. 

During  a  trip  to  the  United  States  in  late  1965  by  Gill,  we  were  afforded  the 
opportunity  to  compare  Australian  specimens  gathered  by  Gill  with  collections 
made  from  the  Reefton  beds  of  New  Zealand  by  Boucot  with  the  aid  of  Professor 
Robin  Allan,  Christchurch. 

The  work  of  Boucot  and  Johnson  has  been  supported  by  a  grant  from  the 
National  Science  Foundation,  No.  GP-3743. 

Systematic  Palaeontology 
Phylum  BRACHIOPODA 
Superfamily  Strophomenacea  King 

Genus  Maoristrophia  Allan  1947 
(PI.  39,  fig.  1-15) 

Type  Species:  M.  neozelanica  Allan  1947,  p.  440,  PI.  61,  fig.  1,  4,  8. 

Diagnosis:  Strophomenaceans  with  ventral  fold  and  dorsal  sulcus;  ventral 
diductor  scars  bounded  by  muscle  bounding  ridges;  dorsal  cardinalia  with  small 
disjunct  cardinal  process  lobes  and  broadly  divergent  inner  socket  ridges  situated 
on  ponderous  brachiophore  ridges. 

Shell  Shape:  Small  specimens  are  typically  plano-convex  in  lateral  profile. 
The  pedicle  valve  is  uniformally  convex  and  very  gently  so  throughout  its  length. 
Large  specimens  have  brachial  valves  that  are  more  convex  anteriorly,  maintaining 
a  moderately  thick  body  cavity.  In  outline  the  valves  are  subquadrate  to  shield¬ 
shaped  and  commonly  are  slightly  wider  than  long  until  late  growth  stages.  The 
hinge  line  is  long  and  straight  and  is  the  point  of  maximum  width  in  most  specimens, 
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but  some  larger  specimens  broaden  out  and  attain  a  maximum  width  in  the 
anterior  half  of  the  shell.  Cardinal  angles  commonly  are  near  90°  and  are  not 
known  to  develop  mucronations.  The  pedicle  valve  bears  a  broad,  low  fold  that 
widens  appreciably  anteriorly.  Although  low,  it  commonly  is  well  marked  by  the 
presence  of  shallow,  divergent  furrows  bounding  it  on  either  side  and  the  medial 
structures  commonly  are  developed  even  on  small  specimens  where  length  is  a 
centimetre  or  less.  The  brachiel  valve  bears  a  corresponding  shallow  median  sulcus 
set  off  by  a  pair  of  radial  elevations  corresponding  to  the  pair  of  ventral  furrows. 

External  Ornament:  The  radial  ornament  is  costellate — the  costellae  in¬ 
creasing  in  number  anteriorly  principally  by  intercalation.  Intercalation  is  more 
clear-cut  on  specimens  of  the  pedicle  valve,  but  in  the  brachial  valve  new  costellae 
arise  along  the  sides  of  interspaces.  The  costellae  are  especially  well  marked  due 
to  their  elevation  above  the  adjoining  interspaces,  giving  them  a  somewhat  angular 
appearance,  but  in  cross-section  they  appear  to  be  cusp-like  elevations,  rounded  on 
their  tops  and  separated  by  U-shaped  interspaces.  In  the  type  species  there  are 
commonly  8  to  10  costellae  in  a  space  of  5  mm,  10  mm  anterior  to  the  hinge  line, 
measured  in  the  middle  portion  of  a  brachial  valve. 

The  concentric  ornament  consists  of  a  few  well-marked  growth  lines  at  distant 
irregular  intervals  on  some  species,  but  these  may  not  develop  on  others.  Numerous 
very  fine  filae  that  give  a  redculate  pattern  to  the  exterior  are  present  on  the  type 
species. 

Posterior  Structures:  The  ventral  interarea  is  broad,  low,  flat  and  apsacline. 
The  delthyrium  is  broad  and  apparently  was  mostly  open,  but  there  is  a  nearly 
flat,  plate-like  cover  apically.  The  interarea  of  the  brachial  valve  is  long,  ribbon¬ 
like,  flat,  and  steeply  hypercline. 

Interior  of  Pedicle  Valve:  The  interarea  is  extended  dorsally  along  its 
medial  portion  as  a  pair  of  denticulate  plates  on  either  side  of  the  hinge  line.  No 
dental  lamellae  are  present,  nor  is  there  any  supporting  shell-thickening  beneath  the 
denticulate  plates.  In  the  apex  of  large  specimens  there  is  a  low  triangular  or 
rounded  elevadon  reminiscent  of  the  ventral  process  in  stropheodontids,  but  much 
less  ponderous.  The  muscle  field  is  broadly  divergent  and  widens  anterolaterally. 
Posterolaterally  it  is  bounded  by  a  pair  of  strong  plate-like  muscle  bounding  ridges 
that  are  commonly  either  slightly  arcuate,  convex  posterolaterally,  or  are  more  or 
less  straight  posteriorly  and  bend  inward  somewhere  near  their  midlcngth.  The 
diductor  scars  are  open  anteriorly  and  merge  imperceptibly  with  the  interior  of  the 
valve.  Most  of  the  length  of  the  diductor  field  on  large  specimens  is  bisected  by  a 
very  faint,  low  myophragm  which  also  bisects  very  poorly  impressed  adductor 
scars.  Small  specimens  are  pustulose,  but  large  ones  are  relatively  smooth  on  the 
interior. 

Interior  of  Brachial  Valve:  The  cardinal  process  consists  of  a  small  pair 
of  lobes,  cleft  ventrally  and  directed  posteriorly.  The  posterior  face  is  V-shaped 
with  the  two  lobes  meeting  at  the  apex  of  the  valve.  The  areas  lateral  and  anterior 
to  the  cardinal  process  lobes  are  thickened  and  extended  posteriorly  as  a  pair  of  thin, 
plate-like  inner  socket  ridges  enclosing  the  distal  ends  of  broad,  denticulate  sockets 
that  diverge  anterolaterally  and  are  shallow  basally.  Anteriorly  the  socket  ridges 
merge  with  a  pair  of  ponderous  rounded  brachiophore  ridges  in  small  specimens 
and  triangular  plate-like  brachiophore  ridges  in  larger  ones.  These  bound  the 
posterior  adductors  and  extend  along  the  inner  edge  of  the  sockets.  The  anterior 
edges  of  the  sockets  are  elevated  on  large  specimens  forming  step-like  ridges  on  each. 
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In  the  larger  specimens  the  anterior  terminations  of  the  thickened  plates  are  drawn 
out  into  point-like  processes.  In  small  and  medium  sized  specimens  there  commonly 
is  a  thick  myophragm  dividing  the  area  of  attachment  of  the  adductor  muscles,  but 
the  muscle  impressions  themselves  are  not  differentiated.  Also  in  most  small  and 
medium  sized  specimens  the  major  portion  of  the  internal  surface  is  crenulated  by 
the  costellae  and  exhibits  a  papillose  surface. 

Shell  Structure:  The  shell  is  pseudopunctate. 

Gerontic  Features:  Large  specimens  of  both  valves  invariably  develop  a 
peripheral  ridge  slightly  inside  the  valve  margins  and  parallel  to  them.  The 
remainder  of  the  shell  interior  is  also  thickened  and  is  not  corrugated  by  the  impress 
of  the  costellae.  The  margin  of  the  valves  outside  of  the  peripheral  ridge  is  radially 
grooved  in  an  even  pattern.  Additional  gerontic  features  appear  in  the  brachial  valve 
which  develops  a  single  pair  of  brachial  plates  that  originate  adjacent  to  the 
myophragm  posteriorly  and  diverge  for  about  %  of  their  length  anterolaterally,  then 
bend  to  converge  again  toward  the  midline  anteriorly.  In  their  initial  development, 
the  brachial  plates  are  low  ridges,  but  are  most  elevated  at  their  points  of  deflection. 
In  their  fullest  development,  they  become  elevated  thickened  areas  on  their  medial 
sides.  The  largest  specimens  show  some  differentiation  of  the  adductor  muscle  impres¬ 
sions  with  what  appears  to  be  a  relatively  large  posterior  adductor  area  laterally 
outside  the  brachial  plates  and  small  anterior  adductors  medially  within  the  brachial 
plates,  along  their  posterior  third.  The  external  sulcus  which  forms  a  medial  ridge 
or  fold  internally  is,  on  some  shells,  accentuated  by  the  development  of  a 
myophragm  that  extends  from  the  base  of  the  cardinal  process  lobes  into  a  median 
ridge-like  elevation  that  persists  to  the  peripheral  ridge  anteriorly. 

Relations  of  the  Genus  Maoristrophia 

Morphologic  Implications:  Maoristrophia  has  previously  been  regarded  as 
a  stropheodontid  (Allan  1947,  p.  440;  Williams  1953,  p.  32;  1965,  p.  H  398) 
yet  there  are  good  grounds  on  which  to  challenge  an  assignment  to  the  Stropheo- 
dontidae.  The  shape  of  the  valves  is  not  particularly  diagnostic  and  would  be  no 
more  incongruous  for  a  stropheodontid  than  a  strophomenid  or  a  leptaenid,  and  a 
fold  and  sulcus  is  not  particularly  suggestive  of  any  group.  The  type  of  ribbing  is 
somewhat  suggestive  of  that  developed  on  Holtedahlina  and  perhaps  more  so  than 
of  a  stropheodontid.  The  fine  concentric  growth  lines  are  not  unlike  those  seen  on 
schuchertellids  and  on  certain  strophomcnids  such  as  Rhipidomena  (Cooper  1956, 
PI.  250,  fig.  10). 

In  the  pedicle  valve  the  denticulation,  lack  of  dental  lamellae,  configuration  of 
the  muscle  field  bounded  by  muscle  bounding  ridges  at  once  suggests  stropheodontid 
affinities  for  Maoristrophia.  The  principal  differences  of  the  ventral  muscle  scar  of 
Maoristrophia  from  that  of  strophomcnids  are  absence  of  flabellation,  a  tendency 
of  the  muscle  bounding  ridges  to  enclose  the  adductors  anteriorly,  and  dental 

lamellae.  Otherwise  the  ventral  scar  of  strophomcnids,  such  as  Opikina  and 
Strophomena  and  others  illustrated  by  Cooper  (1956,  PI.  230-265)  is  not 
especially  different. 

In  the  brachial  valve,  on  the  other  hand,  the  structures  are  not  at  all  of  the 
stropheodontid  sort.  The  cardinal  process  is  a  small,  cleft,  V-shapcd  structure  very 
much  like  that  which  is  common  in  leptaenids  and  in  strophomenids  (Cooper 
1956,  PI.  241,  fig.  13;  PI.  243,  fig.  25).  Sockets  are  present  in  Maoristrophia  as 
in  strophomenids  and  leptaenids,  but  they  are  not  developed  in  stropheodontids. 
The  denticulate  hinge  line,  which  might  suggest  stropheodontid  affinity,  is  seen  in 
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the  brachial  valve  to  be  restricted  to  the  sockets — a  feature  not  uncommon  outside 
the  Stropheodontidae.  It  appears  that  the  combination  of  inner  socket  ridges  and 
brachiophore  ridges  that  bound  the  sockets  in  Maoristrophia  are  constructed  in  a 
similar  way  to  those  developed  in  the  Ordovician  strophomenid  O  pi  kina  (see 
Cooper  1956,  PI.  236-245  and  particularly  fig.  30-32  of  PI.  244).  Large  specimens 
of  Maoristrophia  develop  an  inner  pair  of  brachial  plates  similar  to  those  found  in 
strophomenids  (Cooper  1956,  PI.  243,  fig.  24-26)  and  in  leptaenids  (Cooper 
1956,  PI.  225,  fig.  4).  On  the  other  hand,  both  strophomenids  and  leptaenids  bear 
two  pairs  of  brachial  ridges,  both  inner  and  outer,  although  the  outer  pair  may  be 
almost  indiscernible.  In  the  latter  case  the  resulting  configuration  of  the  brachial 
plates  is  similar  to  that  found  in  Maoristrophia  (Cooper  1956,  PI.  245,  fig.  26). 
The  peripheral  ridge  of  Maoristrophia  is  not  particularly  instructive  since  it  occurs 
indiscriminably  in  leptaenids,  strophomenids,  and  stropheodontids. 

Summary:  It  appears  that  we  are  faced  with  a  paradoxical  association  of 
morphologic  features.  On  the  one  hand,  the  pedicle  valve  of  Maoristrophia  fairly 
consistently  indicates  similarities  to  the  stropheodontid  brachiopods,  while  on  the 
other  hand  the  structure  of  the  brachial  valve  is  equally  consistent  in  suggesting 
strophomenoid  or  leptaenoid  affinities.  It  appears  to  the  writers  that  among  the  two 
choices,  the  relations  suggested  by  the  morphology  of  the  brachial  valve  are  more 
likely  to  be  meaningful  for  the  origin  of  the  genus.  The  brachial  structures  are  more 
complicated;  they  show  more  similarities  with  strophomenids.  Relationship  with  the 
strophomenids  is  more  likely  than  with  the  leptaenids  because  the  muscle  field  in 
the  former  is  generally  broad  and  open,  while  the  muscle  field  of  the  latter  appears 
to  be  more  specialized  in  that  it  is  confined  commonly  by  muscle  bounding  ridges 
of  a  diagnostic  pattern.  Comparison  of  brachial  valve  structures  supports  this  since 
the  closest  comparisons  are  with  the  strophomenid  genus  Opikina. 

Since  the  morphology  of  the  two  valves  is  inconsistent  in  suggesting  relations, 
we  cannot  give  Maoristrophia  a  firm  family  assignment;  however,  from  the  above 
discussion  it  appears  that  an  assignment  to  the  family  Strophomenidae  is  more 
likely. 

Assignment  to  the  Strophomenidae  creates  problems  because  there  is  no  obvious 
Silurian  strophomenid  to  serve  as  the  immediate  ancestor  of  the  genus;  there  is  an 
obvious  gap  between  Maoristrophia  and  morphologically  similar  Ordovician  genera. 
On  the  other  hand,  leptaenids  and  stropheodontids  are  plentiful  in  Silurian  horizons, 
but  to  date  these  families  lack  genera  which  could  be  accepted  as  ancestors. 

Species  assigned  to  Maoristrophia 

Maoristrophia  neozelanica  Allan  1947,  p.  440. 

Maoristrophia  banksi  Gill  1952,  p.  180,  PI.  36,  fig.  1-8. 

Gill  proposed  a  second  species,  M.  careyi,  from  the  same  locality  and  horizon 
as  M.  banksi.  The  differences  in  shape,  which  were  thought  to  distinguish  the 
two  species,  probably  are  due  to  deformation  (Talent  1964),  but  the  Tasmanian 
material  was  not  re-studied  by  the  writers. 

Maoristrophia  keblei  Gill  1952,  p.  182,  PI.  36,  fig.  9-11. 

Leptostrophia  (?)  carinata  Borisyak  1955,  p.  34,  PI.  3,  fig.  7,  8. 

This  species  was  re-described  by  Kaplum  and  his  illustrations  (1961,  PI.  9, 
fig.  1-6)  portray  the  generic  features. 

Occurrence  of  Maoristrophia  in  New  Zealand 

Locality:  Maoristrophia  is  found  in  the  Reefton  beds  at  Lankey  Ck,  Reefton, 
South  I.,  New  Zealand  (Allan  1947,  p.  436;  Suggate  1957). 
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Age:  The  presence  of  Acrospirifer  coxi  Allan  (1947,  p.  447;  1935,  PI.  2,  fig. 
1-3,  PI.  3,  fig.  1,  2)  is  good  evidence  of  Early  Emsian  age  for  the  Reef  ton  beds 
because  it  is  very  close  to  the  widely  distributed  Lower  Emsian  fossil  Acrospirifer 
hercyniae.  The  presence  of  Pleurothyrella  venusta  Boucot,  Caster,  Ives,  &  Talent 
(1963,  p.  100)  is  in  line  with  a  Lower  Emsian  assignment  since  Pleurothyrella 
is  known  only  in  beds  that  appear  to  be  Lower  Emsian  elsewhere.  Reeftonia  is 
known  from  beds  thought  to  be  of  Early  Emsian  age  in  Victoria  represented  by  the 
species  Reeftonia  alpha  (Gill);  see  Talent  1963,  p.  57.  Maoristrophia ,  as  outlined 
below  is  known  elsewhere  only  from  rocks  of  Early  Devonian  age. 

Occurrence  of  Maoristrophia  in  Victoria 

Lilydale  District:  The  Lower  Devonian  marine  strata  of  the  Lilydale  district 
are  the  youngest  in  the  sequence  of  Palaeozoic  rocks  forming  the  bedrock  and 
occupy  the  core  of  the  synclinorium.  All  the  Yering  Group  is  Lower  Devonian  and 
comprises  the  following  formations  in  stratigraphic  order  (Gill  1965): 

Cave  Hill  Conglomerate  100  ft  thick 

Lilydale  Limestone  700  ft  thick 

Ruddock  Siltstone  8,000  ft  thick 

Maoristrophia  has  been  found  only  in  the  Ruddock  Siltstone  and  is  confined  to  the 
upper  part  of  it,  viz.  (1)  N.  of  Lilydale,  (2)  Hull  Rd,  Lilydale,  and  (3)  Hull  Rd, 
Mooroolbark.  The  third  locality  is  the  youngest,  and  the  first  is  probably  the  oldest. 
The  localities  have  been  mapped  (Gill  1940)  and  all  are  Upper  Yeringian  (Gill 
1945a).  M.  keblei  is  the  species  recorded  (Gill  1949,  1950,  1952). 

North  of  Lilydale  is  a  quarry  exposing  mostly  siltstone,  but  also  some  bands 
of  sandstone  in  which  most  of  the  fossils  occur.  ‘Chonetes’  of  the  cresswelli - 
robustus  group  occur  at  that  locality  as  does  Acrospirifer  lilydalensis.  There  are 
also  strophomenids  characteristic  of  the  Upper  Yeringian.  The  same  fossils  occur 
at  the  other  two  localities  which  are  almost  entirely  in  the  silt  facies.  The  same 
species  occur  at  Mooroolbark  as  at  Lilydale  but  appear  to  be  slightly  younger. 

The  strata  at  Hull  Rd,  Lilydale,  occur  a  few  hundred  feet  stratigraphically  under 
the  Lilydale  Limestone,  while  those  at  Hull  Rd,  Mooroolbark,  occur  on  about  the 
same  strike  as  the  limestone.  The  latter  are  therefore  definitely  younger. 

Megakozlowskiella  cooperi  occurs  in  the  Lilydale  Limestone,  and  iHipparionyx> 
aff.  minor  occurs  at  the  two  Hull  Rd  localities.  Trimerus  is  the  commonest  trilobite, 
but  Scutellum  ( Scabriscutellum )  sp.  also  occurs.  This  subgenus  was  described  from 
the  Bohemian  sequence  and  is  previously  unreported  in  Victoria.  The  beds  are 
considered  to  be  Siegenian  in  age,  but  the  highest  of  the  strata  could  be  Early 
Emsian.  This,  however,  is  just  an  estimate. 

Killara  District:  The  Yering  Group  is  repeated  E.  of  Lilydale  in  the  Killara 
district.  Syme’s  Quarry,  Syme’s  Tunnel,  and  Syme’s  Homestead  are  three  highly 
fossiliferous  sites  ranged  from  S.  to  N.  along  the  strike  of  a  formation  of  siltstone. 
The  localities  have  been  mapped  (Gill  1945b). 

Many  index  fossils  found  in  the  Upper  Yeringian  at  Lilydale  are  found  at 
Killara,  including  Acrospirifer  lilydalensis ,  ' Chonetes ’  of  the  cresswelli-robustus 
group,  and  Megakozlowskiella  cooperi .  As  at  Hull  Rd,  Lilydale,  some  land  plants 
have  been  included  in  the  marine  sequence.  At  Killara,  pelagic  forms  such  as 
Acanthopyge  australis  are  found  among  the  trilobites  (Gill  1939,  1951 ).  Fragments 
of  the  carpoid  Rutroclypeus  (limited  elsewhere  to  the  Lower  Devonian  of  Australia 
and  Germany)  occur  at  Syme’s  Homestead  (see  Gill  &  Caster  1960).  An  unusual 
occurrence  is  the  graptolite  Desmograptus.  The  containing  siltstone  is  Lower 
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Devonian,  and  of  the  same  age  as  the  strata  referred  to  in  the  Upper  Yeringian 
at  Lilydale. 

Heathcote  District:  Maoristrophia  keblei  Gill  (1952)  has  been  recognized 
in  the  Mt  Ida  formation  (but  see  Talent  1964)  in  the  Heathcote  district  of  Victoria, 
Australia  (Thomas  1937,  1941).  The  site  is  Geological  Survey  of  Victoria  locality 
54,  Parish  of  Redcastle,  and  has  been  published  by  the  Survey  in  a  map  of  the 
parish.  Talent  (1964)  has  recorded  Maoristrophia  from  the  Mt  Ida  Formation 
(PI.  7,  fig.  3-4;  PI.  13,  fig.  7;  p.  30)  and  the  Mclvor  Formation  (p.  30).  Accord¬ 
ing  to  Talent  (1965)  the  Mt  Ida  Formation  is  of  Late  Gedinnian  age.  N.  W. 
Schleiger  and  J.  A.  Talent  (pers.  comm.)  have  collected  an  undescribed  species  of 
Maoristrophia  from  beds  equivalent  to  the  base  of  the  Mclvor  Formation  from 
an  horizon  judged  by  them  to  be  probably  of  late  Ludlow  age. 

Occurrence  of  Maoristrophia  in  Tasmania 

Gill  (1952)  described  M.  careyi  and  M.  banksi  from  locality  16,  a  trench  on 
the  right  bank  of  the  Little  Henty  R.  at  Zeehan  in  W.  Tasmania.  The  locality  has 
been  mapped  and  the  co-ordinates  given  by  Gill  and  Banks  (1950,  PI.  2  and 
Appendix  B).  The  formation  is  the  Lower  Devonian  Bell  Shale  with  a  fauna 
equivalent  to  that  of  the  Lower  Yeringian  in  the  Lilydale  district  of  central  Victoria. 

Occurrence  of  Maoristrophia  in  Kazakhstan 

Locality  and  Age:  The  terrigenous  facies  of  the  Kazakhstan  Devonian  has 
been  summarized  by  N.  L.  Bublitschenko  (1960).  According  to  Bublitschenko, 
Lower  Devonian  beds  are  exposed  N.  of  L.  Balkhash  in  the  Dshungaro-Balkhash 
region.  Bublitschenko  (1960,  p.  434)  reports  the  presence  of  Maoristrophia  carinata 
(as  Leptostrophia  carinata)  in  the  Lower  Sardshal  beds  with  Acrospirifer  of  the 
murchisoni  type  and  Leptocoelia.  The  writers  would  assign  the  Lower  Sardshal 
beds  to  the  Siegenian. 


Appendix  of  Localities 

USNM  1 1002:  Lankeys  Ck;  loose  block  with  Reeftonia  about  i  mile  N.  of  High¬ 
way  No.  7.  Also  loose  blocks  on  E.  slope  of  valley,  Reefton  Subdivision,  New 
Zealand. 

USNM  11725:  Weathered  argillite  from  creek  bed,  white  patch  samples  from 
another  argillite  boulder  in  Lankeys  Ck  above  the  junction  with  Stony  Ck 
also  presumably  from  the  argillites  which  outcrop  just  upstream  from  the  main 
limestone;  Reefton  Subdivision,  New  Zealand. 
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Explanation  of  Plate 

Plate  39 

Fig.  — Maoristrophia  neozelanica  Allan,  Reefton  beds,  Lankey  Ck,  New  Zealand.  1-2 — 

Internal  mould  of  brachial  valve  and  rubber  impressions  X  1-25,  USNM  153135, 
USNM  loc.  1 102.  3 — Rubber  impression  of  external  mould  of  brachial  valve  X  1  *  25, 
USNM  153136,  rubber  impression  of  counterpart  of  specimen  in  fig.  1,  USNM 
loc.  11002.  4 — Internal  mould  of  pedicle  valve  X  1-5,  USNM  153137,  USNM  loc. 
11725.  5-6 — Internal  mould  of  brachial  valve  and  rubber  impression  X  2,  USNM 
153138,  USNM  loc.  11002.  j  w  1t_  .  _ . 

Fig.  7-15 — Maoristrophia  keblei  Gill,  Ruddock  Siltstone,  Hull  Rd,  Mooroolbark,  Lilydale 
district,  Victoria.  7 — Internal  mould  of  pedicle  valve  X  3,  NMV  No.  P24662.  8,  9 — 
Internal  mould  of  brachial  valve  and  rubber  impression  X  3,  NMV  No.  P24663. 
1 1— Internal  mould  of  pedicle  valve  X  2,  NMV  No.  P24664;  rubber  impression  in 
fig.  10  is  from  the  counterpart  of  this  specimen,  NMV  No.  P24665.  12 — Internal 
mould  of  pedicle  valve  X  3,  NMV  No.  P24666.  13-14 — Internal  mould  of  brachial 
valve  and  rubber  impression  X  4,  NMV  No.  P24667.  15 — External  mould  of 
brachial  valve  X  3,  NMV  No.  P24668. 
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Abstract 

Skenidioides  and  Leptaenisca  are  illustrated  for  the  first  time  from  the  region  of  south¬ 
eastern  Australia  and  New  Zealand  and  are  present  in  beds  of  Early  Devonian  age.  Skenidioides 
is  typically  an  Ordovician  and  Silurian  brachiopod,  but  a  review  of  its  occurrences  on  a 
world-wide  basis  indicates  that  it  is  widely  represented  in  Lower  Devonian  and  Middle 
Devonian  rocks  in  the  Old  World  (meaning  Europe,  Asia,  and  North  Africa)  and  in  western 
North  America,  but  not  in  the  Appalachian  Province  where  it  is  replaced  by  the  endemic 
genus  Skenidium. 

Introduction 

The  writers  have  had  a  keen  interest  in  the  distribution  of  brachiopod  genera 
on  a  world-wide  basis  during  Early  Devonian  time.  These  studies  show  that 
Skenidioides ,  a  typical  orthoid  genus  of  the  Ordovician  and  the  Silurian,  ranges 
well  up  into  the  Lower  Devonian  and  even  into  the  Middle  Devonian  of  the  Old 
World.  A  review  of  the  Devonian  occurrences  shows  that  the  genus  Skenidium , 
often  cited  as  inclusive  of  the  Devonian  species,  is  instead  restricted  to  occurrences 
in  the  Lower  to  Upper  Devonian  of  the  Appalachian  Province.  In  the  Old  World 
its  ecologic  niche  is  apparently  filled  by  the  long-lived  Skenidioides  which  persisted 
at  least  until  Givetian  time.  Therefore,  it  is  of  considerable  interest  to  find  Skeni¬ 
dioides  in  the  Lower  Devonian  of  Victoria  and  Tasmania  and  its  presence  there 
adds  to  the  known  list  of  genera  that  have  affinities  with  Old  World  faunas. 

The  distribution  of  Leptaenisca  is  less  well  known,  but  it  is  established  in  the 
Silurian  and  Lower  Devonian  in  the  Appalachian  Province  and  it  is  also  present 
in  the  earliest  Lower  Devonian  in  Nevada.  The  presence  of  Leptaenisca  in  the 
Baton  Formation  of  New  Zealand  (cf.  Boucot  et  al.  1963,  p.  85;  illustrated  herein) 
and  in  the  Lower  Devonian  of  Loyola,  Victoria  extends  the  known  geographic 
range  of  the  genus. 

Occurrence  of  Skenidium 

As  the  writers  began  working  on  the  present  paper  and  reviewed  the  youngest 
reported  occurrences  of  Skenidium  and  Skenidioides ,  it  was  discovered  that  at 
least  some  of  the  Devonian  occurrences  beyond  North  America,  previously  attri¬ 
buted  to  Skenidium ,  instead  were  of  shells  that  properly  belong  to  Skenidioides. 
With  this  in  mind  the  review  of  all  the  Devonian  occurrences  known  to  the  writers 
revealed  a  systematic  pattern  to  the  geographic  distribution  of  the  two  genera  in 
rocks  of  Late  Gedinnian  (New  Scotland)  to  Givetian  age,  and  as  the  summary 
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below  indicates,  we  find  that  all  of  the  Lower  and  Middle  Devonian  ‘Skenidium’ 
occurrences  beyond  the  Appalachian  Province  either  can  certainly  be  assigned  to 
Skenidioides  or  are  unknown  internally.  Skenidium ,  therefore,  is  not  known  outside 
the  Appalachian  Province  until  the  Frasnian  when  it  is  present  in  Western  Australia 
(Veevers  1959,  Pl.  1). 

Genus  Skenidioides  Schuchert  &  Cooper  1931 

Type  Species:  S.  billingsi  Schuchert  &  Cooper  1931;  1932,  p.  72,  PI.  10 
fig.  6,  8,  10-14. 

Devonian  occurrences  of  Skenidioides 

Skenidium  lewisi  Kozlowski  1929  (p.  47,  PI.  1,  fig.  20-21,  not  Davidson)  from 
the  Borszczow  stage  (Early  Gedinnian)  of  Podolia.  Kozlowski’s  Fig.  5  (p.  48) 
shows  that  the  Borszczow  form  has  the  cardinalia  of  Skenidioides  rather  than 
Skenidium . 

Skenidium  polonicum  Giirich,  from  the  Givetian  of  the  Holy  Cross  Mountains 
(Biernat  1959,  p.  16).  Biernat’s  illustration  of  the  dorsal  interior  (1959,  PI.  1, 
fig.  8)  is  of  a  specimen  with  the  cardinalia  of  Skenidioides  rather  than 
Skenidium. 

Skenidioides  spp.,  from  the  Bell  Shale  of  Tasmania  and  from  Thompson’s  Ridge, 
Puckapunyal,  Victoria  (illustrated  herein). 

Skenidioides  sp.,  in  beds  of  Gedinnian  age,  upper  Roberts  Mountains  Formation, 
northern  Roberts  Mountains,  central  Nevada  (Johnson  in  preparation). 
Skenidioides  sp.,  in  beds  of  Early  Devonian  age  in  the  Lynn  Window,  northern 
Nevada  (Johnson  in  preparation). 

Skenidioides  sp.,  from  the  upper  part  of  the  Road  River  Formation  of  Royal  Ck, 
Yukon,  Canada,  H  and  2  miles  W.  of  the  iyfiotype  locality  of  Monograptus 
yukonsis  Jackson  and  Lenz  (1963).  The  brachiopods  are  underlain  and  over- 
lain  by  Monograptus  yukonensis  which  elsewhere  in  the  Yukon  is  associated 
with  Monograptus  cf.  praehercynicus .  The  graptolites  therefore  strongly  indicate 
an  early  Devonian  age  for  the  Yukon  occurrence. 

Skenidioides  occurs  with  a  rich,  silicified  brachiopod  fauna  including 
Aesopomum  sp.,  Ambocoelia  cf.  praecox  Kozlowski,  Anastrophia  cf.  magnifica 
Koz.,  Atrypa  spp.  including  A.  cf.  oklahomaensis  Amsden,  aff.  ' Atrypa ’  audux 
Barr.,  ?  Biconostrophia ,  4 Cymostrophia ’  cf.  costatula  (Barr.),  Cyrtina,  Desqua- 
matia,  ‘ Nadiastrophia ’,  dolerorthid  gen.  nov.  cf.  Dolerorthis  and  Ptychopleurella , 
Gypidula  spp.,  Schizophoria ,  Kayserella  sp.,  Plicocyrtina  sp.,  Latonotoechial 
sp.  or  Machaerarial  sp.,  Nucleospira  cf.  ventricosa  (Hall),  orthotetaceid  gen. 
indet.,  Plicoplasia,  Protathyris  cf.  praecursor  Koz.,  *  I  sort  his*  aff.  jornicatim- 
curvata,  aff.  ‘Phragmophora’  punctata  Talent,  septate  dalmanellid  gen.  nov.,  and 
Spinatrypa  sp.  New  and  larger  brachiopod  collections  show  that  the  specimen 
identified  as  Triplesiid  gen.  indet.’  (Jackson  &  Lenz  1963,  p.  752)  is  the  ortho- 
tetacean  genus  Aesopomum.  In  addition,  ‘Nadiastrophia?,  Plicocyrtina,  Key - 
serella,  Plicoplasia,  and  two  septate  dalmanellids  are  newly  reported.  Keyserella 
has  heretofore  been  known  only  from  the  Middle  Devonian,  but  Plicoplasia, 
‘Nadiastrophia’,  and  the  new  genus  of  septate  dalmanellid  indicate  a  post- 
Quadrithyris  zone,  i.e.  post-earliest  Siegenian  age  (Johnson  1965).  The  presence 
of  the  new  septate  dalmanellid  requires  an  assignment  below  the  pinyonensis 
zone  of  Nevada  while  the  presence  of  Anastrophia  suggests  a  position  im¬ 
mediately  below  the  Karpinskia  conjugula  beds  of  the  Uralian  sequence. 
Skenidioides  sp.  Kartal  Schichten  (Tiefe  serie  4  of  Erben  1960),  Ankara  Yolu 
200  miles  W.  Briicke  an  der  Abzweigling  nach  Tuzla  in  Strasseneinschnitt, 
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Turkey.  Boucot  coll.  1960.  USNM  No.  10677.  The  collection  has  also  yielded 
several  pedicle  valve  internal  moulds  of  Leptaenisca.  Boucot  was  guided  to  the 
locality  by  Dr  Winifried  Haas. 

Devonian  species  questionably  assigned  to  Skenidioides 

Skenidium  moelleri  and  Skenidium  uralicum  Tschernychew  1887  (PI.  4,  fig.  13-17); 
these  forms  from  the  Devonian  of  the  Ural  Mountains  are  not  certainly  assign¬ 
able  to  the  Skenidiidae  because  the  available  illustrations  are  inadequate  to 
show  the  internal  structure. 

Scenidium  baylei  (Roualt  in  Oehlert  1888,  p.  60,  PI.  5,  fig.  8-10.  Figures  show 
only  exteriors. 

Skenidium  suburbanum  Havllcek  1956  (p.  537,  PI.  7,  fig.  5-10)  from  the  Dvorce 
Limestones  in  the  vicinity  of  Prague.  The  species  is  not  certainly  assignable 
because  Havlicek’s  figures  do  not  illustrate  the  dorsal  interior. 

Skenidium  aff.  polonicum  Drot  1961  (p.  61,  PL  1,  fig.  6).  Drot’s  specimen  comes 
from  the  upper  Givetian  in  beds  with  Stringocephalus  from  the  Draa  region  of 
the  Morocco  Presahara.  Drot’s  figures  da  not  illustrate  the  interior  of  the 
brachial  valve. 

Skenidioides  spp. 

(PI.  40,  fig.  6-13) 

Material:  The  specimens  consist  of  internal  moulds  of  free  brachial  and 
pedicle  valves.  There  are  two  pedicle  valve  internal  moulds  from  Victoria  (Geol. 
Surv.  Victoria  No.  61318,  19).  There  are  two  brachial  valve  internal  moulds  and 
one  pedicle  valve  internal  mould  from  Tasmania,  NMV  P24252-54. 

Pedicle  Valve:  The  valve  is  semi-conical  to  sub-pyramidal  in  configuration 
with  a  moderately  high  palintrope.  Cardinal  angles  are  obtuse  and  rounded.  Maxi¬ 
mum  width  is  found  in  the  posterior  half.  The  lateral  margin  is  smoothly  curved 
and  the  commissure  is  rectimarginate.  The  external  ornament  consists  of  numerous 
fine  rounded  costellae,  poorly  preserved  on  the  available  internal  moulds.  The 
interarea  is  triangular  and  generally  a  little  lower  than  wide.  The  specimen  with 
the  highest  interarea  appears  to  have  been  compressed  somewhat  laterally. 

Internally  there  is  a  deep,  broad,  rounded  spondylium  supported  in  the  apex 
of  the  valve  by  a  short  pillar-like  septum.  The  spondylium  fills  a  little  more  than 
half  of  the  otherwise  open  delthyrium. 

Brachial  Valve:  Brachial  valves  are  suboval  in  outline  and  the  specimen 
appearing  to  be  least  deformed  is  decidedly  more  transverse  than  elongate.  Cardinal 
angles  are  rounded  and  obtuse.  Maximum  width  is  in  the  posterior  half  and  there 
is  a  shallow  sulcus  medially.  There  is  a  fairly  well  developed  flat,  anacline  to  gently 
curved  triangular  inter  area. 

Internally  the  sockets  are  shallow  to  cylindrical  with  their  bases  elevated  free 
above  the  base  of  the  valve.  The  proximal  ends  of  the  sockets  may  be  covered  by 
the  anterior  edge  of  the  interarea.  The  brachiophores  are  attached  to  the  inner  edges 
of  the  hinge  plates  and  are  triangular  in  transverse  section.  The  flat  ventral  faces 
are  narrow  and  ribbon-like.  Their  bases  are  connected  with  curving  plates  that  join 
the  median  septum  above  the  floor  of  the  valve  to  form  a  cruralium.  A  median 
septum  extends  from  the  notothyrial  cavity  to  the  anterior  commissure  of  the 
valve,  and  the  area  of  the  cruralium  has  about  half  of  its  height  above  and  half 
below  the  junction  line.  The  interior  is  lightly  crcnulated  by  the  costellae. 

Discussion:  According  to  Schuchert  and  Cooper  (1932,  p.  73)  ‘ Skenidioides 
was  separated  from  Skenidium  chiefly  because  it  does  not  possess  the  peculiar  hinge- 
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plate  characteristic  of  the  dorsal  valve  of  the  latter’.  The  cardinalia  of  the  specimens 
at  hand  are  decidedly  of  the  Skenidioides  conformation.  In  addition  to  the  diagnostic 
features  of  the  cardinalia,  the  deep  spondylium  in  the  pedicle  valve  and  the  well 
developed  dorsal  interarea  also  are  in  agreement  with  an  assignment  to  Skenidioides 
rather  than  Skemdium ;  so  considering  all  the  features  there  are  none  that  make  the 
Skenidioides  assignment  inconsistent. 

Occurrence:  Bell  Shale,  in  a  small  quarry  on  the  N.  bank  of  a  creek  tributary 
to  the  Little  Henty  R.,  NE.  of  Zeehan,  Tasmania  (locality  1  of  Gill  &  Banks  1950); 
the  precise  horizon  within  this  formation  is  uncertain  owing  to  strong  faulting  in 
the  vicinity.  The  association  of  Plectodonta  bipartita  (Chapman)  and  ' Chonetes * 
ruddockensis  Gill  at  this  locality  (Gill  1950)  indicates  correlation  with  the  lower 
Ruddock  Siltstone  (Gill  1965)  of  the  Lilydale  district  of  Victoria.  This  is  rein¬ 
forced  by  the  presence  of  Proetus  euryceps  (McCoy)  which  occurs  with  these 
forms  at  a  comparable  horizon  in  the  Kinglake  district  of  Victoria  (Williams  1964). 
These  horizons  are  thought  to  be  Upper  Gedinnian  since  the  associated  Bell  Shale 
fauna  indicates  a  close  correlation  with  the  Thompson’s  Ridge  specimens. 

Brachiopod  band,  Thompson’s  Ridge,  Puckapunyal,  Victoria,  Heathcote  1  mile 
sheet  grid  reference  432-9,  296  8.  This  locality  has  yielded  a  fairly  large  but 
nondescript  brachiopod  fauna.  Stratigraphic  and  palaeontologic  evidence  from  the 
Seymour-Puckapunyal  district  as  a  whole  (Schlciger  &  Talent  unpub.)  indicates 
that  this  horizon  is  within  equivalents  of  the  Mt  Ida  Formation  at  Heathcote,  most 
probably  correlating  with  unit  2  of  that  formation.  This  is  presently  accorded  a 
probable  late  Gedinnian  age  (Talent  1965). 

Genus  Leptaenisca  Beecher  1890 

Type  Species:  Leptaena  concava  Hall  1857,  p.  47. 

Leptaenisca  spp. 

(PI.  40,  fig.  1-5) 

Material:  We  have  before  us  three  specimens  and  all  are  internal  moulds. 
There  are  two  pedicle  valve  internal  moulds  from  the  Baton  Formation  of  New 
Zealand  (NZGS  No.  1386,  87)  and  a  single  brachial  valve  internal  mould  from 
the  vicinity  of  Loyola  in  the  Mansfield  District  of  Victoria,  Australia  (NMV  No 
P12402). 

Pedicle  Valve:  The  outline  is  transversely  shield-shaped  with  long  straight 
hinge  line  and  near  rectangular  cardinal  angles.  The  valve  is  strongly  convex  and 
somewhat  geniculate  anteriorly,  forming  a  straight  anterior  margin.  The  interarea 
is  long,  low,  well  developed,  ribbon-like,  and  apsacline. 

The  hinge  teeth  are  poorly  defined  but  appear  to  be  relatively  blunt.  They 
project  dorsomedially  and  are  free  basally.  The  dental  lamellae  appear  to  grow  from 
positions  lateral  to  the  teeth  and  their  posterior  tracks.  The  dental  lamellae  extend 
parallel  to  the  midline  about  a  third  of  the  distance  of  the  shell  length  and  converge 
slightly  medially  to  form  a  spondylium-like  structure  on  the  floor  of  the  valve. 
Medially  the  structure  is  bisected  by  a  low  blade-like  median  septum  that  does  not 
extend  anteriorly  beyond  the  edge  of  the  spondylium-like  structure.  The  visceral 
cavity  is  impressed  and  transversely  suboval.  The  posterolateral  extremities  are 
differentiated  as  flat,  triangular,  platform-like  areas.  The  internal  surface  of  the 
valves  is  pustulose,  probably  corresponding  to  the  positions  of  the  pseudopunctae. 

Brachial  Valve:  The  outline  is  transversely  subquadrate  to  shield-shaped  with 
a  long  straight  hinge  line.  The  maximum  width  is  situated  slightly  anterior  to  the 
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hinge  line  and  the  cardinal  angles  are  rounded,  though  acute.  In  lateral  profile  the 
valve  is  moderately  concave. 

The  cardinalia  consists  of  a  pair  of  cardinal  process  lobes  cleft  medially  by  a 
deep  V-shaped  groove  that  decreases  in  width  slightly  toward  the  anterior  margin 
of  the  lobes.  The  sockets  consist  of  deep  incisions  at  the  hinge  line  lateral  to  the 
cardinal  process  lobes  which  bound  them  medially.  The  sockets  diverge  antero- 
laterally,  but  only  a  small  amount  from  the  midline.  The  adductor  muscle  impres¬ 
sions  consist  of  a  small  confined  elongate  suboval  pair  that  are  bounded  postero- 
laterally  by  prominent  muscle  bounding  ridges  that  buttress  the  cardinal  process 
lobes  laterally.  The  adductor  muscle  impressions  are  divided  medially  by  a  split 
myophragm  that  broadens  slightly  anteriorly,  partially  enclosing  a  shallow  elongate 
central  pit.  Most  of  the  remainder  of  the  interior  of  the  shell  is  impressed  by  the 
brachial  ridges  which  curve  strongly  laterally  from  the  anterolateral  edges  of  the 
adductor  scars  then  recurve  around  the  inner  margin  of  the  valves,  nearly  meeting 
medially.  The  centres  of  their  spirals  are  situated  at  about  midlength.  The  whole 
interior  of  the  valve  is  pustulose. 

Occurrence:  The  Victorian  specimen  of  Leptaenisca,  preserved  as  a  mould 
in  mudstone,  was  collected  by  Mr  George  Sweet  towards  the  close  of  the  last 
century  from  Loyola,  near  Mansfield;  a  precise  location  was  not  given.  Four 
lenticular  bodies  of  limestone  occur  at  Loyola:  on  the  N.  boundary  of  allot.  94; 
SE.  corner  of  allot.  94  (small  quarry);  allot.  132E  (Griffiths’  Quarry);  W.  boun¬ 
dary  of  allot.  133.  These  are  not  far  apart  stratigraphically,  occurring  along  approxi¬ 
mately  the  same  strike  for  1  i  miles  interbedded  with  WSW.  dipping  Lower  Devonian 
shales,  siltstones,  sandstones,  and  minor  grits.  The  coral-stromatoporoid  faunas  of 
the  limestones  (Ripper  1937,  Hill  1939)  and  the  brachiopod  faunas  of  the  under¬ 
lying  terrigenous  sediments  (essentially  unpublished)  indicate  a  fairly  tight  cor¬ 
relation  with  the  limestones  at  Deep  Ck,  Walhalla  and  with  the  Cooper’s  Creek 
Formation  and  upper  Tanjil  Formation  (‘Boola  Beds’)  of  the  Walhalla-Cooper’s 
Ck  and  Tyers  area  (Talent  1965,  Fig.  2).  A  broad  Siegenian  age  is  indicated, 
probably  Upper  Siegenian.  There  is  no  certainty  as  to  provenance  of  the  specimen 
at  Loyola,  but  the  late  Mr  W.  Griffiths  (pers.  comm.  J.  A.  Talent)  has  indicated 
that  the  bulk  of  the  collections  made  by  Mr  Sweet  at  Loyola  were  the  result  of 
about  one  month’s  collecting  with  the  aid  of  a  hired  labourer  on  the  hillside  in 
the  present  allotment  132C.  E.  to  SE.  of  Griffiths’  Quarry;  it  is  most  likely  therefore 
that  the  specimen  came  from  a  horizon  stratigraphically  lower  than  the  limestone 
lenses. 

The  New  Zealand  specimens  were  collected  by  Prof.  A.  H.  Lillie  and  students 
from  bluffs  on  the  N.  side  of  the  Baton  R.  about  300  ft  above  the  Baton  River 
Track  at  a  distance  of  approximately  400  yds  upstream  from  a  swing  bridge  over 
the  river.  The  locality  is  upstream  from  Heine  Stream  within  Member  3  of  the 
Baton  Formation  at  approximate  grid  reference  SI 9/062273;  it  was  most  probably 
one  of  the  five  fossiliferous  bands  in  the  upper  900  ft  of  this  member  which 
provided  the  fossils  described  by  Shirley  (1938)  (pers,  comm.  M.  R.  Gregory; 
ref.  Willis  1965). 

Discussion:  Even  though  the  pedicle  valves  and  the  single  brachial  valve 
internal  mould  described  and  illustrated  in  this  paper  come  from  distant  localities, 
the  assignments  appear  firm  to  us.  The  pedicle  valves  from  the  Baton  Formation 
have  dental  lamellae  shaped  differently  than  those  in  Leptaenisca  concava  illus¬ 
trated  by  Amsden  (1958,  PI.  5,  fig.  15,  16)  and  because  they  are  subparallel  or 
even  converge  slightly  anteriorly  toward  a  low  median  ridge  they  are  close  to 
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specimens  of  Leptaenisca  present  in  the  Quadrithyris  zone  (probably  early 
Siegenian)  in  central  Nevada  (Johnson  1965  and  in  prep.).  In  the  brachial  valve 
the  specimen  of  Leptaenisca  from  Victoria  (PL  40,  fig.  1,2)  compares  favourably 
with  the  brachial  valves  illustrated  by  Amsden  (1958,  PL  5,  fig.  22,  24)  and  by 
Muir-Wood  and  Cooper  (1960,  PL  133,  fig.  7-10).  The  American  specimens  differ 
principally  in  lacking  well  developed  bounding  ridges  around  the  dorsal  adductors 
that  laterally  buttress  the  cardinal  process  lobes.  The  split  myophragm  which  joins 
the  central  pit  posterolaterally  is  well  developed  on  the  Australian  specimen,  but 
is  rather  insignificant  on  the  American  ones.  It  appears  that  the  differences  in  and 
around  the  site  of  adductor  attachment  are  sufficient  to  make  the  Australian 
specimens  a  new  species,  but  at  present  the  available  material  is  inadequate  as  a 
proper  base  on  which  to  propose  a  new  name. 

Although  the  Australian  and  New  Zealand  specimens  are  confidently  assigned, 
it  is  worth  mentioning  some  forms  once  thought  to  be  related.  Davidsonia ,  as' 
illustrated  by  Davidson  (1864,  1865,  PL  11,  fig.  13-16)  has  very  different  car- 
dinalia,  more  like  an  orthotetacean  with  strong  inner  socket  ridges  that  connect 
posteromedially  and  thus  are  not  at  all  comparable  to  the  bilobed  cardinal  process 
of  Leptaenisca.  The  same  may  be  said  for  the  genus  Leptaenoidea  (Hcdstrom 
1917,  PL  1)  although  Williams  classes  it  with  Leptaenisca.  Accordingly,  Williams 
(1953,  p.  4)  classes  Davidsonia  as  an  orthotetacean  and  Havlicek  (1956)  places 
both  of  his  new  genera  Biconostrophia  and  Prodavids&nia  in  the  Orthotetacea  also, 
although  the  writers  would  suggest  the  possibility  that  Biconostrophia  is  a  carina- 
tininid  atrypid  (see  Havlicek  1956,  PL  7,  fig.  23,  24,  27)  because  of  the  form  and 
type  of  ribbing. 
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Explanation  of  Plate 

Plate  40 

Fig.  1-2 — Leptaenisca  sp.  Vicinity  of  Loyola,  Mansfield  District,  Victoria,  Australia.  1,  2 — 
Rubber  impression  and  internal  mould  of  brachial  valve  X  8,  NMV  No.  P 12402. 
Fig.  3-5 — Leptaenisca  sp.  Baton  Formation,  N.  bank  of  Baton  R.,  bluffs,  300  ft  above  track, 
between  500  ft  and  2,000  ft  upstream  of  mouth  of  Heine  Stream  and  apprx. 
400  yds  upstream  of  a  swing  bridge  that  crosses  Baton  R.  approx,  grid  ref. 
S19/062273.  Collected  by  A.  R.  Lillie,  1960.  USNM  loc.  11979.  3,  4— Internal 
mould  and  rubber  impression  of  pedicle  valve  X  8,  NZGS  No.  BR  1386.  5 — 
Internal  mould  of  pedicle  valve  X  8,  NZGS  No.  BR  1387. 

Fig.  6-10 — Skenidioides  sp.  Bell  Shale,  locality  1  of  Gill  &  Banks  ( 1950),  Tasmania,  Australia. 

6,  8 — Rubber  impression  X  10  and  internal  mould  of  brachial  valve  X  5,  NMV 
P24252.  7,  9 — Internal  mould  of  brachial  valve  X  5,  and  rubber  impression  X  10, 
NMV  P24253.  10 — Posterior  view  of  pedicle  valve  of  internal  mould  X  5,  NMV 
P24254. 

Fig.  11-13 — Skenidioides  sp.  Thompson’s  Ridge,  Puckapunyal,  Victoria,  Australia.  Collected  by 
N.  W.  Schleiger.  11,  12 — Posteroventral  and  ventral  views  of  internal  mould  of 
pedicle  valve  x  5,  Geol.  Surv.  Viet.  61318.  13 — Ventral  view  of  internal  mould  of 
pedicle  valve  X  5,  Geol.  Surv.  Viet.  61317. 
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MAMMALS  OF  THE  BLANDOWSKI  EXPEDITION 
TO  NORTH-WESTERN  VICTORIA, 

1856-57 

By  N.  A.  Wakefield 

Department  of  Zoology  &  Comparative  Physiology,  Monash  University 

Abstract 

Historical  details  are  given  of  the  Blandowski  expedition  to  the  Murray-Darling  area  in 
1856-7  and  of  the  eventual  loss  of  most  of  the  collections.  Data  are  given  of  mammals  noted 
by  Gerard  Krefft  in  an  unpublished  diary  of  the  early  part  of  the  expedition.  Krefft’s 
authorship  of  the  expedition’s  specimen  catalogue  is  established,  and  a  table  is  given  of  dates 
and  locality  data  applying  to  scries  of  specimen  numbers  in  it.  It  is  noted  that  Blandowski 
returned  to  Melbourne  after  8  months  but  that  Krefft  remained  and  continued  collecting  for 
a  further  4  months  at  the  expedition’s  base  camp,  ‘Mondellimin’,  about  where  Mildura  is  now. 
Three  further  documents  by  Krefft  are  discussed:  an  unpublished  annotated  list  of  Blandowski 
specimens  placed  in  the  National  Museum  of  Victoria,  a  paper  on  the  vetebrates  of  the 
Murray-Darling  area,  and  a  catalogue  of  mammals  in  the  Australian  Museum,  Sydney.  Details 
are  given  of  the  registration  at  the  National  Museum  of  about  140  of  the  Blandowski  specimens 
of  mammals.  The  main  part  of  the  paper  follows,  comprising  distributional  data  and  details 
of  extant  Blandowski  specimens  of  approximately  38  species  of  mammals  noted  during  the 
expedition.  A  summary  is  thus  presented  of  the  mammalian  fauna  of  the  Murray-Darling 
junction  area  in  1857.  It  is  noted  that  certain  mammals  were  found  in  northern  Victoria  and 
certain  others  only  in  New  South  Wales.  The  identity  of  Mus  subrujus  Krefft  is  discussed. 

Introduction 

The  Blandowski  expedition  of  1856-57  was  under  instruction  from  the  Victorian 
Government  to  proceed  to  the  junction  of  the  Darling  and  Murray  Rivers,  to 
investigate  natural  history  and  collect  specimens  for  the  National  Museum. 

Although  the  duration  of  the  expedition  was  12  months,  Blandowski  himself 
took  part  in  only  the  first  8  months,  and  even  during  this  period  he  went  by  himself 
on  long  excursions  into  South  Australia  and  New  South  Wales.  He  appears  to 
have  taken  little  part  in  the  collecting  of  specimens  and  the  recording  of  data 
about  them.  On  the  other  hand,  Gerard  Krefft  worked  consistently  for  the  whole 
time  at  the  preservation  and  cataloguing  of  specimens.  Furthermore,  he  subsequently 
compiled  several  documents  which  provide  a  considerable  body  of  data  on  aspects 
of  the  expedition’s  findings. 

Due  to  apparently  irrational  behaviour  on  the  part  of  Blandowski,  the  ultimate 
value  of  the  expedition  was  almost  nullified.  Pescott  (1954),  in  documenting  the 
history  of  the  expedition,  has  provided  the  following  story  of  the  fate  of  the 
collections: 

Blandowski  transferred  the  specimens  and  drawings  which  had  been  made 
on  the  expedition  to  his  private  lodgings,  claiming  them  as  his  own  property. 
He  presented  his  acquaintances  with  numbers  of  specimens,  but  some  of  these 
were  eventually  returned  to  the  Museum. 

On  24  December  1857  Blandowski  did  deliver  some  specimens  to  the 
museum  at  the  University  but  without  any  key  to  numbers  attached  to  them. 
Pescott  notes  that  Wietman,  a  member  of  the  expedition  in  its  early  stages, 
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‘made  the  more  serious  charge  that  Blandowski  had  changed  the  numbers  on 
some  of  the  specimens  and  retained  the  notes  explaining  the  alterations’. 

Blandowski  sailed  from  Melbourne  in  March  1859,  apparently  taking  the 

bulk  of  the  collection  with  him.  Krefft  eventually  reported  the  arrival  in 

Hamburg  of  ‘6  large  boxes  full  of  specimens  of  natural  history’  which 

Blandowski  stated,  contained  ‘all  the  rare  specimens  of  the  Murray  expedition’’ 

Of  the  many  thousands  of  specimens  which  the  expedition  collected,  several 
hundred  were  of  mammals,  representing  over  30  species.  For  more  than  half  of 
these  species  the  Blandowski  expedition  has  provided  all  or  almost  all  record  of 
their  respective  occurrences  in  or  near  Victoria.  The  Blandowski  specimens  now 
located  in  the  mammal  section  of  the  National  Museum  of  Victoria  number  about 
140  and  represent  some  22  species.  Although  in  almost  all  cases  proper  data  are 
not  recorded,  this  material  constitutes  a  most  valuable  collection,  particularly  as  it 
represents  a  faunal  assemblage  that  is  nowhere  extant  today. 

In  the  absence  of  readily  accessible  data,  almost  all  the  National  Museum 
specimens  of  Blandowski’s  mammals  have  been  registered  as  from  ‘Junction  of 
Murray  and  Darling  Rivers’.  In  many  cases  this  has  been  misleading,  for  some  of 
them  actually  originated  over  200  miles  from  that  locality,  in  very  different  habitats 

The  main  purpose  of  the  present  paper  is  to  summarize  data  from  the  Blan- 
dowski  documents  and  Krefft’s  papers,  to  associate  these  details  with  correspondina 
museum  specimens,  and  thus  to  define  more  accurately  the  original  distributions 
of  the  respective  species.  Although  minor  discrepancies  and  some  contradictions 
appear,  the  over-all  picture  which  is  now  presented  constitutes  a  major  contribution 
from  Gerard  Krefft  to  Australian  mammalogy. 

Blandowski’s  Report 

William  Blandowski  gave  an  account  of  the  expedition  in  a  paper  read  to  the 
Philosophical  Society  of  Victoria  in  September  1857  (Blandowski  1858)  The 
following  details  are  presented  in  that  paper: 

Leaving  Melbourne  early  in  December  1856,  his  party  reached  Kew’s  (=  Kow) 
Swamp,  between  the  Murray  R.  and  Mt  Hope,  on  27  December.  On  3  March 
1857,  he  set  out  towards  L.  Boga  and  the  junction  of  the  Murrumbidgee  and 
Murray  Rivers.  Leaving  his  party  there  he  went  on  alone  and  reached  the  junction 
of  the  Darling  and  Murray  on  8  April.  The  main  party  ‘formed  a  permanent 
encampment  at  a  place  called  by  the  native  Mondellimin,  .  .  .  opposite  the  junction 
of  the  Darling  and  Murray  Rivers’. 

Blandowski  then  went  on  alone,  westward  along  the  Murray,  and  returned  to 
Mondellimin  ‘after  having  been  absent  three  weeks  and  ridden  over  600  miles’  He 
started  again  (alone)  on  27  May  in  a  north-easterly  direction  and,  during  an 
absence  of  24  days,  reached  a  point  about  300  miles  away  and  traversed  in  all 
a  distance  of  700  miles.  Then  on  6  August  he  left  the  camp  in  charge  of  his 
employees  and  proceeded  via  Adelaide  to  Melbourne,  taking  with  him  16,000 
specimens  comprising  2,000  numbers. 

He  made  these  comments  about  the  mammals: 

‘Of  quadrupeds  I  have  found  26  different  species,  of  which  eleven  are  not 
marsupial  and  of  which  .  .  .  five  are  entirely  new  to  me.  .  .  .  Most  of  these 
quadrupeds  I  have  collected  in  large  numbers,  and  they  are  entirely  the  results  of 
the  exertions  of  my  friends  the  Yarree  Yarree  aborigines  .  .  .’. 

Blandowski  credited  ‘all  the  information  and  discoveries’  to  the  aborigines,  and 
he  stated  that  the  preserving  of  specimens  was  done  by  his  ‘white  labourers’.’ 
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Krefft’s  Diary 

In  the  Mitchell  Library,  Sydney,  there  is  a  manuscript  written  by  Krefft  giving 
an  account  of  the  Blandowski  expedition  to  as  far  as  their  stay  in  the  L.  Boga  area. 
Some  details  from  this  are  set  out  by  Iredale  and  Whitley  (1932)  but  these  are 
mainly  of  historical  rather  than  natural  history  interest.  However,  Krefft  did  include 
a  list  of  9  species  of  mammal  with  notes  on  each.  In  the  diary,  the  animal  which 
he  referred  to  as  ‘Jerboa  kangaroo’,  ‘ Bettongia  penicillata’  and  ‘wiry  haired  bettongia’, 
is  in  fact  Aepyprymnus  rufescens. 

Although  this  diary  covers  only  the  period  from  December  1856  to  March  1857, 
the  latter  part  (or  perhaps  all)  of  it  was  not  written  before  September  1857.  In  it 
Krefft  gives  details  of  the  breeding  of  Ant  echinus  flavipes  which  he  observed  at 
Mondellimin  in  late  August  and  September  that  year.  The  name  Bettongia  penicil¬ 
lata,  misapplied  in  the  diary,  is  used  correctly  in  the  ‘List  of  specimens  kept  for 
the  Museum’,  which  Krefft  compiled  soon  after  he  returned  to  Melbourne  from 
the  expedition.  Therefore  the  diary  predated  this  list. 

These  points  indicate  that  Krefft’s  diary  was  written  during  the  last  stages  of 
the  expedition  or  very  soon  after  it  concluded. 

The  Blandowski  Catalogue 

The  specimen  catalogue  of  the  Blandowski  expedition  is  located  in  the  National 
Museum  of  Victoria,  and  it  is  almost  completely  the  work  of  Gerard  Krefft.  It  is 
endorsed  ‘William  Blandowski,  Melbourne,  15th  January  1858’  in  handwriting 
quite  different  from  that  of  Krefft.  Blandowski’s  contribution  to  the  catalogue  is 
merely  a  few  short  pencilled  notes  which  were  rewritten  in  ink  (and  often 
rephrased)  by  Krefft. 

The  catalogue  records  specimens  by  serial  numbers  from  1  to  3,000  but  with 
a  few  of  the  higher  numbers  not  used.  In  addition  there  is  a  list  of  spirit  specimens 
numbered  from  1  to  389.  Over  650  numbers  in  the  main  list  and  about  100  of 
the  spirit  collection  apply  to  mammals.  Many  spirit  specimens  were  pouch  young, 
presumably  belonging  to  adults  accounted  for  in  the  main  list,  but  there  are  no 
cross  references.  The  total  number  of  mammal  specimens  collected  by  the  expedi¬ 
tion  was  noted  by  Krefft  as  742. 

With  very  few  exceptions,  technical  names  of  mammals  were  not  used  in  this 
catalogue.  For  mammal  specimens  collected  during  the  early  part  of  the  expedition 
settlers’  vernacular  names  are  given,  and  for  most  of  those  collected  after  the 
establishment  of  the  permanent  camp  at  Mondellimin,  aboriginal  names  appear 
against  the  specimen  numbers.  Krefft’s  spelling  of  many  of  the  aboriginal  names  was 
not  consistent,  and  in  several  cases  two  or  more  different  aboriginal  names  have 
been  used  for  the  one  species.  But  throughout  the  catalogue  there  is  very  little 
evidence  of  misidentification  of  specimens. 

Only  in  a  very  few  cases  are  precise  localities  given  for  specimens,  but  the 
numbers  are  grouped  into  20  lists,  and  for  each  list  a  month  and  a  general  locality 
are  given.  At  the  beginning  of  the  catalogue  these  details  are  tabulated.  However, 
reference  to  data  in  the  body  of  the  catalogue  indicates  that  data  given  in  the  table 
for  lists  VI  and  VII  should  apply  to  lists  VII  and  VIII  respectively.  With  these 
adjustments,  the  table  of  data  is  as  follows: 


List 


99 


I  Numbers  1-200 
II  „  201-400 

III  „  401-500 


Dec.  ’56  On  the  road  to  Gunbower. 
Feb.  ’57  Neighbourhood  of  Gunbower. 


99 


99 


99 


99 


99 
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IV 

VI 

VII 


99 


5  9 


VIII 

IX 

X 

XI 

XIV 

XV 

XVI 

XX 


99 


99 
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501-530  „ 

531-663 
664-754  Mar. 


755-1000  Apr. 
1001-1200  May 
1201-1600  Jun. 
1601-1815  Jul. 
1816-1930  Aug. 
1931-2100  Sep. 
2101-2400  Oct. 
2401-3000  Nov. 


99  99  99  9* 

99  99  99  99 

’57  Between  Kew’s  Swamps  and  the  Mur- 
rumbidgee. 


■  ‘Mondellimin’. 


The  six  list  numbers  missing  from  this  sequence  apply  to  the  spirit  collection 
and,  as  none  of  these  specimens  has  been  traced,  the  present  paper  is  not  concerned 
with  them. 

In  the  table,  Krefft  described  Mondellimin  as  TO  miles  south  from  the  junction 
of  the  Darling  and  Murray  Rivers,  on  the  Victorian  side  of  the  Murray’.  In  the 
Illustrated  Melbourne  News ,  6  February  1858,  the  camp  was  illustrated  and  its 
location  was  described  as  ‘about  twelve  miles  by  land  above  the  Church  of  England 
Missionary  Establishment  at  Yalta,  near  to  which  place  the  waters  of  the  Darling 
join  the  Murray’.  Despite  Krefft’s  ‘south’,  these  details,  together  with  later  refer¬ 
ences  to  the  proximity  of  the  camp  to  Gol  Gol,  locate  Mondellimin  at  about  where 
MiJdura  is  now. 

Although  Pescott  (loc.  cit.)  inferred  that  the  whole  of  the  expedition  collection 
reached  Melbourne  on  18  August  1857,  the  consignment  then  would  have  been 
only  what  Blandowski  took  with  him  on  leaving  Mondellimin  in  early  August.  The 
catalogue  indicates  that  Krefft  remained  at  the  expedition  headquarters  for  approxi¬ 
mately  a  further  4  months  during  which  time  he  accumulated  about  1,000  additional 
numbers.  Some  of  the  specimens  in  List  XX  are  from  the  NW.  bend  of  the 
Murray  and  some  from  the  Botanic  Garden,  presumably  of  Adelaide,  which 
indicates  that  Krefft  used  the  river  and  sea  route  back  to  Melbourne,  as  Blandowski 
had  done. 


Krefft’s  List  of  Museum  Specimens 

Accompanying  the  Blandowski  specimen  catalogue  is  a  document  in  Krefft’s 
handwriting  entitled  ‘List  of  specimens  of  natural  history  kept  for  the  Museum’. 
In  it  he  listed  29  species,  each  with  a  serial  number,  and  in  most  cases  he  gave 
technical,  vernacular,  and  aboriginal  names,  as  well  as  general  locality  data. 
Copious  notes  were  written  about  most  species  and  these  were  usually  endorsed 
with  the  initials  ‘G.K.\  This  establishes  Krefft’s  authorship  of  them  and  also  iden¬ 
tifies  his  handwriting. 

For  each  species  one  or  more  Blandowski  catalogue  numbers  were  noted,  and 
sometimes  further  un-numbered  specimens  were  indicated  by  dashes.  Altogether, 
122  specimens  were  shown  in  one  or  other  of  these  ways  as  having  been  placed 
in  the  Museum.  Many  of  the  numbers  and  dashes  are  in  parenthesis,  and  there 
are  the  notes  by  Krefft  that  ‘the  specimens  in  parenthesis  have  been  set  up’  and 
‘the  other  numbers  are  all  contained  in  Drawer  A4’.  (As  well  as  ‘set  up’,  Krefft  used 
the  term  ‘stuffed’  to  indicate  mounted  specimens.) 

Stuck  to  the  front  of  one  of  the  mammal  registers  at  the  National  Museum  of 
Victoria  are  7  slips  of  paper,  in  Krefft’s  handwriting,  with  data  duplicated  from  his 
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above-mentioned  ‘List’.  Each  slip  has  a  series  of  numbers  on  it  and  these  apply 
in  general  to  specimens,  not  ‘set  up’,  which  were  ‘contained  in  Drawer  A4’.  One 
of  the  slips  bears  the  date  ‘16/3/5-’,  with  the  last  figure  indecipherable. 

There  is  little  doubt  that  Krefft’s  List  applies  to  the  specimens  left  by  Blandowski 
at  the  University  Museum,  without  data,  on  24  December  1857.  If  this  is  the  case, 
it  would  appear  that  Krefft  compiled  the  List,  on  or  before  16/3/1858,  to  offset 
the  lack  of  data  with  the  specimens  concerned.  In  the  List,  Krefft  did  not  identify 
several  of  the  mammal  species.  In  particular  he  confused  Bettongia  ( Aepyprym - 
nus)  rufescens  and  Lagorchestes  leporides ,  applying  the  name  of  the  former  to 
the  latter  species.  This  demonstrates  that  the  List  was  certainly  compiled  before 
September  1862,  when  Krefft  read  a  paper  in  which  he  identified  those  two 
species  correctly  (Krefft  1866). 

Krefft  1866 

In  September  1862,  Gerard  Krefft  read,  before  the  Philosophical  Society  of 
New  South  Wales,  a  paper  on  the  vertebrates  of  the  lower  Murray  and  Darling, 
with  notes  on  ‘their  habits,  economy  and  geographical  distribution’  (Krefft  1866). 
Much  of  the  detail  in  this  paper  is  the  same  as  the  notes  of  Krefft’s  List.  He  stated 
that  some  of  the  observations  dated  back  to  1852  but  that  the  greater  number 
were  ‘results  of  a  nine  months’  sojourn  on  the  Lower  Murray  and  Darling,  .  .  . 
encamped  in  the  neighbourhood  of  Gol  Gol’  where  he  was  enabled  ‘with  the 
assistance  of  Messrs  Williams  and  their  devoted  natives,  to  thoroughly  investigate 
the  fauna’. 

The  paper  deals  with  21  marsupials,  2  monotremes,  5  bats,  5  murids,  and  the 
dingo.  For  almost  all  the  marsupials  and  murids  of  the  Murray-Darling  junction 
area,  aboriginal  names  are  given  as  well  as  technical  names.  Of  the  marsupials, 
Krefft  wrote:  ‘I  succeeded  in  procuring  every  species  known  to  exist  in  that  part 
of  Australia;  and  in  finding  also  a  number  .  .  .  which  hitherto  had  been  only  known 
to  frequent  Western  and  South  Australia’.  Krefft’s  assumption  of  credit  for  the 
mammal  collections  appears  to  be  justified. 

Krefft  1864 

In  a  resume  of  mammals  in  the  Australian  Museum  (Krefft  1864),  13  speci¬ 
mens  are  included  which  originated  from  the  Blandowski  expedition  and  which 
are  acknowledged  as  donations  from  the  National  Museum  of  Victoria.  For  7  of 
these,  the  locality  ‘Gall  Gall  Creek’  (=  Gol  Gol  Creek)  is  cited.  Presumably  this 
is  not  an  indication  of  precise  point  of  origin  but  it  refers  rather  to  the  general 
area,  partly  New  South  Wales  and  partly  Victoria,  about  the  Mondellimin  camp. 
In  this  booklet  Krefft  indicates  that  certain  species  occur  in  northern  Victoria,  and 
he  omits  Victoria  from  the  distribution  which  he  gives  for  others.  Analysis  of  his 
unpublished  data,  in  the  records  of  the  Blandowski  expedition,  indicates  that  this 
discrimination  is  not  haphazard  but  that  it  was  based  on  his  experience  in  the 
Murray-Darling  area  in  1857.  This  point  must  be  recognized  when  any  attempt  is 
made  to  determine  which  species  of  mammal  originally  occurred  in  northern 
Victoria. 

B.  J.  Marlow  has  reported  (pers.  comm.)  that,  except  possibly  in  the  case  of 
Leporillus  conditor,  none  of  the  Blandowski  specimens  listed  by  Krefft  in  this 
booklet  can  now  be  found  at  the  Australian  Museum. 

It  is  probable  that  the  preparation  of  the  1864  booklet  post-dated  the  original 
reading  of  Krefft’s  1866  paper. 
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Registrations  at  the  National  Museum 

In  the  specimen  register  of  the  National  Museum  of  Victoria,  43  of  the  series 
21638  to  21784  were  mammals  from  the  Blandowski  expedition  collection.  About 
20  of  these  are  associated  in  the  Museum  register  with  specimen  numbers  from  the 


Fig.  1 
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Blandowski  catalogue.  Fifteen  of  these  Blandowski  catalogue  numbers  are  amongst 
those  noted  in  Krefft’s  List.  Furthermore,  for  many  species  the  numbers  (i.e. 
quantity)  of  specimens  entered  at  that  time  in  the  Museum  register  are  exactly  or 
approximately  the  same  as  the  number  (quantity)  of  ‘stuffed’  specimens  noted  for 
the  corresponding  species  in  Krefft’s  List.  These  details  and  other  similarities  of 
recorded  data  indicate  that  all  or  almost  all  those  43  National  Museum  specimens 
are  from  the  material  noted  in  Krelft’s  List. 

The  specimens  concerned  were  not  registered  at  the  Museum  until  late  in 
1867.  Marlow  (1958)  was  misled  by  this  time  lapse  and,  as  a  result,  he  cited 
1867  as  the  date  of  collection  of  many  Blandowski  specimens. 

Six  Blandowski  specimens  of  Macropus  had  been  registered  in  1866. 

In  some  cases  there  are  discrepancies  between  data  in  the  Museum  register  and 
details  recorded  in  Krefft’s  List.  This  has  apparently  been  due  to  loss  or  mixing  of 
field  labels  during  the  10  years  that  elapsed  before  registration  of  specimens. 

Further  Blandowski  specimens  were  found  in  the  Museum  from  time  to  time, 
with  the  result  that  about  12  more  were  registered  there  between  1870  and  1920. 
Those  with  numbers  prefaced  ‘R’  are  included  in  this  lot. 

During  the  past  35  years,  about  80  more  of  Blandowski’s  mammal  specimens 
have  been  entered  in  the  Museum  register.  Almost  all  these  are  of  the  Muridae 
and  most  of  them  are  still  associated  with  their  original  catalogue  numbers.  Brazenor 
(1936a)  documented  this  material  in  his  main  work  on  the  Muridae  of  Victoria. 
The  registered  numbers  of  specimens  of  this  period  are  prefaced  ‘C’. 

Summary  of  Data  and  Specimens  of  Mammals 
of  the  Blandowski  Expedition 

In  this  summary  the  paragraph  headings  used  for  each  species  have  the  fol¬ 
lowing  significance: 

Diary :  Krefft’s  manuscript  diary,  Melbourne  to  L.  Boga. 

Catalogue:  The  specimen  catalogue  compiled  by  Krefft  during  the  Blandowski 
expedition. 

List:  Krefft’s  ‘List  of  specimens  kept  for  the  Museum’. 

NMV:  Registered  numbers  and  other  data  of  specimens  in  the  National  Museum 
of  Victoria. 

When  a  Blandowski  specimen  number  is  not  mentioned  in  the  paragraph  headed 
‘Catalogue’  but  is  discussed  in  a  later  paragraph,  it  must,  unless  otherwise  stated, 
be  taken  as  having  been  identified  correctly  in  the  Blandowski  catalogue  (usually 
by  the  appropriate  aboriginal  name).  Details  such  as  sex  are  noted  with  reference 
to  specimens  only  when  of  some  significance  to  the  discussion.  To  avoid  confusion 
with  NMV  specimen  numbers,  some  Blandowski  catalogue  numbers  are  prefixed 
‘Bl.\ 

The  abbreviations  AM  and  NMV  are  used  for  the  Australian  Museum,  Sydney 
and  the  National  Museum  of  Victoria  respectively. 

Fig.  1  illustrates  localities  mentioned  in  this  summary. 

Ornithorhynchidae 
Ornithorhynchus  anatinus 

Krefft  (1866):  ‘tributaries  of  the  Murray,  .  .  .  Loddon,  Avoca,  Campaspe,  &c.’ 

Discussion:  There  is  no  evidence  that  any  specimen  was  collected  during  the 
Blandowski  expedition. 
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Tachyglossidae 

Tachyglossus  aculeatus 

Krefft  (1866):  ‘ Echidna  hystrix.  I  have  seen  two  preserved  skins  at  Mount  Hope. 
.  .  .  the  natives  further  down  the  river  do  not  appear  to  be  aware  of  the  exist¬ 
ence  of  such  an  animal  as  the  echidna’. 

Krefft  (1864):  ‘I  captured  a  solitary  specimen  at  Mount  Hope’. 

Discussion:  There  is  no  evidence  in  the  Blandowski  catalogue  that  any  specimen 
was  collected. 

Dasyuridae 

Antechinus  flavipes 

Diary:  ‘Only  one  specimen  procured  during  our  stay,  it  is  a  common  form  on  the 
Murray  river  .  .  .  number  of  teats  10,  young  foetus  9.  Breeding  season  June  to 
September’. 

Catalogue:  No.  355c?  as  ‘mouse’;  and  four  other  numbers,  in  list  XI,  named  ‘Warum’. 

List:  "Antechinus  flavipes.  Rusty-footed  Phascogale.  Warum.  A  very  common  form 
on  the  banks  of  the  Murray,  it  was  procured  from  Echuca  to  the  Darling 
junction.  A  specimen  on  the  20th  of  August  1857  .  .  .  had  (9)  nine  foetus 
attaches  to  the  teats.  This  specimen  is  now  in  the  museum  at  the  university’. 

No.  355c?,  1613c?,  1 673<?,  and  1791$,  placed  in  the  NMV. 

Krefft  (1866):  ‘It  used  to  be  so  common  near  the  camp  on  the  Murray  that  I 
have  often  captured  several  specimens  whenever  a  load  of  wood  was  brought 
in’. 

NMV:  No.  21669c?,  21670$,  and  21671  (young),  associated  in  the  register  with 
catalogue  No.  1791,  355,  and  1613  respectively. 

Discussion:  The  different  sexes  recorded  for  355  and  NMV  No.  21670  indicate 
mixing  of  data. 

Phascogale  tapoatafa 

Krefft  (1866):  ‘ Phascogale  penicillata.  The  only  specimen  I  found  was  secured  in 
the  neighbourhood  of  Mount  Hope’. 

Krefft  (1864):  ‘certainly  not  known  to  the  aborigines  of  the  Murray  and  Darling’. 

Discussion:  No  specimen  has  been  traced  and  there  is  no  reference  to  the  species 
in  the  Blandowski  documents. 

Phascogale  calura 

m 

Catalogue:  5  specimens  in  lists  X  and  XI,  named  ‘Kultarr’. 

List:  ‘ Phascogale  calura.  Handsome  tailed  Phascogale.  Kultarr.  Mondellimin’. 

No.  1225  and  1541c?,  placed  in  the  NMV. 

Krefft  (1866):  ‘My  specimens  were  captured  near  Williams’  Station,  Gol  Gol 
Creek,  about  10  miles  from  the  Darling  junction’. 
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Krefft  (1864):  ‘the  interior  of  New  South  Wales,  and  northern  portions  of 
Victoria’. 

NMV:  No.  21656c?,  21657$. 

Sminthopsis  crassicaudata 

Catalogue:  14  numbers,  in  lists  XI,  XIV,  and  XV,  named  ‘Mondellundellun’. 

List:  ‘ Podabrus  crassicaudatus .  Thick-tailed  Podabrus.  Mondellundellun.  Murray 
and  Darling  scrub’. 

No.  1681,  1683,  2009,  and  2052,  placed  in  the  NMV. 

Krefft  (1864):  At  the  AM — ‘Adult  skin,  Gall  Gall  Creek,  Lower  Murray,  from 
the  NMV’. 

NMV:  No.  40908,  40909,  40910,  40911,  R2292  (=  Bl.  2038),  R2293. 

Sminthopsis  murina 

Catalogue:  10  numbers,  in  lists  VIII  to  XI,  including  1660,  named  ‘Tram 
Trammit’.  3  numbers,  including  1923  and  2040,  named  ‘Ram  Rammit’. 

List:  ‘ Antechinusl  Tram  Trammit.  Murray  and  Darling  scrub’. 

No.  1660,  1923,  and  2040,  placed  in  the  NMV. 

Krefft  (1866):  ‘Antechinus  albipes’. 

NMV:  No.  21667  (=  Bl.  2040)  and  21668  (=  Bl.  1660)  were  registered  in  1867, 
but  neither  specimen  can  now  be  found. 

Antechinomys  laniger 

Catalogue:  No.  1429,  named  ‘Kultarr’. 

List:  ‘ Phascogale  lanigera.  Mondellimin’. 

Krefft  refers  to  two  male  specimens,  the  other  of  which  was  killed  (and  pre¬ 
sumably  eaten)  by  Phascogale  calura. 

No.  1429,  placed  in  the  NMV. 

Krefft  (1866):  ‘Two  single  specimens  .  .  .  were  obtained  through  the  natives  at 
Gol  Gol  Creek.  The  natives  informed  me  that  the  animal  was  very  rare,  .  .  . 
had  a  dispute  about  its  name  and  called  it  Kultarr,  while  some  asserted  they 
had  never  seen  the  animal  before’. 

Krefft  (1864):  ‘Plains  of  the  interior  of  New  South  Wales,  Victoria,  and  South 
Australia’. 

NMV:  No.  21681. 

Dasyurinus  geoffroii 

Catalogue:  11  numbers,  beginning  in  list  X,  named  ‘Kettrie’. 

List:  ‘ Dasyurus  geoffroyi.  Geoffroy’s  Dasyurus.  Ketterie  .  .  .  along  the  scrub  on 
the  banks  of  the  Murray’. 

No.  1378,  1617,  1208,  1883,  2088,  2635-8  (young),  placed  in  the  NMV. 


380  N.  A.  WAKEFIELD 

Krefft  (1866) :  ‘ Dasyurus  geoffroyi.  Native  Cat  or  Tiger  Cat  of  the  settlers.  Kettrie 
of  the  natives’. 

NMV:  No.  21784  (young),  registered  in  1867,  cannot  now  be  found.  No.  R1328 
(re-registered,  C6084). 

Discussion:  No.  6584  and  6585,  registered  in  1865  as  ‘Murray’,  are  probably 
Blandowski  specimens. 

Myrmecobius  fasciatus 

Krefft  (1866):  ‘not  found  close  to  the  (Murray)  river  and,  as  far  as  my  enquiries 
among  the  natives  went,  has  never  occupied  that  part  of  the  country.  I  have 
been  informed  by  .  .  .  the  owner  of  a  station  at  Tapio,  about  80  miles  from 
the  Darling  junction,  that  the  Banded  Myrmecobius  is  by  no  means  rare,  and 
that  the  natives  could  procure  specimens  for  me,  but  a  few  bad  skins  were  all 
I  obtained’. 

Discussion:  This  is  the  only  reference  to  Myrmecobius  in  connection  with  the 
Blandowski  expedition,  and  there  is  no  evidence  that  any  specimen  was  kept. 

Tapio  station  was  situated  between  Gol  Gol  and  the  Darling;  the  ‘80  miles’ 
is  an  error.  (See  Fig.  1) 

Peramelidae 

Isoodon  obesulus 

Catalogue:  62  numbers  (including  1152,  1269,  and  1433)  beginning  in  list  VIII, 
named  ‘Pirrikin’;  and  a  further  8  (including  1155)  are  identified  as  'Perameles 
nasuta 

List:  ‘ Perameles  obesula.  Short-nosed  Perameles.  Pirrikin.  Murray  Scrub’. 

NMV:  No.  21683  and  21684  (=  Bl.  1433);  re-registered,  C5793  and  C5792, 
respectively. 

No.  R2279  (=  Bl.  1086),  R2280  (=  Bl.  1539),  andR2281  (=  Bl.  2181); 
re-registered,  C5791,  C5790,  and  C5789,  respectively. 

Perameles  bougainville 

Catalogue:  In  list  IX,  3  numbers,  including  1115,  named  ‘Perameles  Gunn’s’;  and 
No.  1153,  named  ‘Banded  Perameles’.  In  subsequent  lists,  10  numbers  (includ¬ 
ing  1444,  1948,  1949,  and  2076),  named  ‘Moncat’. 

List:  ‘ Perameles  fasciata.  Banded  Perameles.  Moncat.  Murray  scrub.  The  natives 
have  two  distinct  names  for  this  animal .  .  .  Thill  .  . .  Moncat’. 

No.  1115,  1153  (adult),  1444,  1948  (young),  1949  (young),  and  2076, 
placed  in  the  NMV. 

Krefft  (1866):  ‘common  on  all  parts  of  the  Murray  River’. 

Krefft  (1864):  ‘Northern  district  of  Victoria  and  interior  of  New  South  Wales’. 

NMV:  No.  21717,  21718,  21719  (young),  and  60221  (=  Bl.  2076);  re-registered, 
C5922,  C5923,  C5884,  and  C5921,  respectively. 
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Discussion:  There  has  been  some  confusion  of  data  with  NMV  No.  21719  and 
it  is  now  associated  in  the  register  with  the  Blandowski  No.  1153. 

Macrotis  lagotis 

Catalogue:  3  numbers,  named  ‘Wuirrapur’. 

List:  ‘Peragalea  lagotis.  Large  eared  Peragalea.  Wuirrapur — Murray  tribes.  Jacko — 
Darling  tribes’. 

No.  1706,  1860,  and  2643,  placed  in  the  NMV. 

Krefft  (1866):  ‘ Peragalea  lagotis.  Rabbit  Rat.  This  beautiful  animal  ...  has  long 
ago  retreated  to  the  north  of  the  Murray’. 

Krefft  (1864):  ‘Western  Australia,  South  Australia,  and  interior  of  New  South 
Wales’. 

NMV:  No.  21773,  21774,  and  21775;  re-registered,  C5895,  R1774  then  C5888, 
and  R1775  then  C5885,  respectively. 

Chaeropus  ecaudatus 

Catalogue:  No.  1899  and  1900  (‘forwarded  to  Melb.  Aug.  1857’),  2006  and  2007 
(skeletons),  2016<?  and  2928;  all  named  ‘Landwang’. 

List:  ‘ Chaeropus  occidentalis.  Mondellimin  .  .  .  Procured  first  during  the  month  of 
October  (on  the  4th)  ...  All  specimens  procured  on  the  N.S.W.  side  of  the 
Murray’. 

No.  1900  and  2006  (as  ‘skeleton’),  2016,  2858,  2918  (sic),  and  one 
without  record  of  number,  placed  in  the  NMV. 

Krefft  (1866):  ‘During  a  period  of  six  months  I  encamped  not  far  from  the  spot 
where  Sir  Thomas  Mitchell  secured  his  tail-less  animal  .  .  .  about  eight  speci¬ 
mens  were  secured  during  our  stay’. 

Krefft  (1864):  At  the  AM — ‘a.  Adult  male.  Gall  Gall  Creek.  From  the  NMV’. 

‘Habitat  etc.  the  plains  of  South  Australia,  Western  Australia,  and  New 
South  Wales  (Lower  Murray  district)’. 

NMV:  No.  21638,  21639,  34018  (re-registered,  C5887,  C5889,  C2900,  respect¬ 
ively),  and  60219. 

Discusion:  No.  34018  is  a  skeleton.  In  the  List  ‘2918’  is  a  mistake  for  2928.  The 
first  specimens  were  not  obtained  on  October  4th  but  in  August  (see  table  of 
data  with  Krefft’s  List). 

In  discusing  Chaeropus,  Troughton  ( 1941 )  reported  that  Krefft  was  ‘camped 
at  Mitchell’s  locality  in  October  1857’.  Krefft  was  camped  at  Mondellimin,  and 
his  ‘not  far’  amounted  to  about  80  miles  from  Mitchell’s  locality.  (See  Fig.  1) 

Phalangeridae 

Petaurus  breviceps 

Krefft  (1866) :  ‘The  first  Belideus  I  captured  on  my  return,  at  Mount  Ida,  Mclvor 
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Range,  80  miles  distant  from  the  Murray,  is,  according  to  Gould,  a  new  species, 
and  is  figured  by  him  in  part  XI  of  his  Mammalia,  15,  as  Belideus  notatus ’. 

Discussion:  Mt  Ida  (36°  53'S.,  144°  92'E.)  is  3  miles  N.  of  Heathcote,  Victoria, 
and  50  miles  S.  from  the  Murray  at  Echuca. 

Pseudocheirus  peregrinus 

Catalogue:  No.  2711  is  ‘Ring  tailed  Opossum’. 

Krefft  (1866):  ’ Phalangista  viverrina.  A  rare  animal  on  the  Murray  and  Darling. 
I  secured  no  more  than  two  specimens  during  my  whole  stay’. 

Discussion:  No  museum  specimen  was  recorded  nor  can  any  be  traced. 

Trichosurus  vulpecula 

Catalogue:  7  numbers,  all  in  list  X,  named  ‘Opossum’. 

List:  ‘Opossum.  Mallee  scrub.  Sometimes  20  miles  from  water  in  the  Mallee’. 

No.  1359,  1360,  1420,  1431,  placed  in  the  NMV. 

Krefft  (1866):  ‘ Phalangista  vulpina  ...  at  the  camp’  in  ‘the  large  flooded  gum 
trees  ( Eucalyptus  rostratus )  fringing  the  river  banks’. 

Discussion:  There  is  no  evidence  of  any  Blandowski  specimen  of  Trichosurus  having 
been  registered  at  the  NMV. 

VOMBATIDAE 

Lasiorhinus  latifrons 

Krefft  (1866):  ‘I  know  upon  reliable  authority  that  P.  latifrons  has  been  killed  in 
the  neighbourhood  of  the  North-west  Bend  on  the  Murray’. 

Discussion:  By  inference,  Krefft  had  no  evidence  of  any  occurrence  of  Lasiorhinus 
in  the  Murray-Darling  junction  area. 

Macropodidae 

Bettongia  penicillata 

Catalogue:  28  numbers,  beginning  in  list  VIII,  named  ‘Pattuck’. 

List:  ‘ Bettongia  penicillata.  ogilbyi.  Jerboa  Kangaroo.  Pattuck’. 

Krefft  (1864):  At  the  AM — ‘Adult  males.  Gall  Gall  Creek.  From  the  NMV’. 

‘On  the  banks  of  the  Murray  as  far  as  Euston,  to  the  eastward  of  that 
township  but  few  specimens  have  been  observed;  and  at  Gunbower  Creek,  some 
150  miles  further  east,  the  aborigines  capture  Bettongia  rufescens  only,  and 
they  have  informed  me  B.  ogilbyi  is  not  found  in  their  country.’ 

NMV:  21762,  21763,  21765  (re-registered,  C2449,  C2452,  C2451,  respectively), 
21764,  and  21766. 

Bettongia  lesueur 

Catalogue:  43  numbers,  beginning  in  list  IX,  named  ‘Booming’. 
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List:  ‘Bettongia  grayi.  Booming.  I  have  never  met  with  this  Bettongia  on  the 
Victorian  side  of  the  Murray  but  on  the  N.S.W.  side  it  is  found  in  abundance’. 

No.  1245,  1754?,  1755,  and  1756,  placed  in  the  NMV. 

Krefft  (1866):  ‘ Bettongia  graii  .  .  .  has  long  retreated  before  the  herds  of  cattle 
with  which  the  plains  bordering  the  Murray  arc  now  stocked;  and  it  is  no  longer 
to  be  found  south  of  that  river’. 

Krefft  (1864):  ‘Plains  of  the  Murray  and  Darling;  the  Murrumbidgee  junction 
being  apparently  the  eastern  boundary  of  this  species’. 

At  the  AM — ‘a  &  b.  Adult  male  and  female.  Tapio,  Lower  Darling.  From 
the  NMV’. 

NMV:  No.  21640,  21641,  21642,  21643  young  <?  (re-registered,  C2647,  C2648, 
C2649,  C2650,  respectively),  21644,  R1986  (=  Bl.  1192),  and  C6187  (=  Bl. 
No.  1245). 

Discussion:  There  has  been  some  confusion  of  data  and,  in  the  NMV  register, 
No.  21643  is  equated  to  the  Blandowski  No.  1754. 

Aepyprytnnus  rufescens 

Diary:  ‘Jerboa  kangaroo’,  identified  as  ‘Bettongia  penicillata’ — ‘a  wiry-haired  Jerboa 
only  met  with  at  Gunbower  and  perhaps  some  50  or  60  miles  down  the  river’. 

Catalogue:  8  numbers,  in  lists  I,  II,  III,  and  VI,  named  ‘Kangaroo  rat’.  These 
include  No.  467  and  470,  from  ‘neighbourhood  of  Mount  Hope’. 

List:  ‘Jerboa  kangaroo.  Gunbower  Creek.  This  little  jerboa  was  not  observed  further 
down  the  Murray  than  Reedy  Lake’. 

No.  651  (later  endorsed  ‘destroyed’),  469,  and  3  other  specimens  with 
numbers  not  noted,  placed  in  the  NMV. 

Krefft  (1866):  ‘ Bettongia  rufescens  .  .  .  has  not  been  observed  by  me  westward  of 
the  Murrumbidgee,  where  Bettongia  penicillata  appears  to  take  its  place.  Not 
a  single  specimen  was  procured  by  the  native  during  my  stay  at  the  Darling 
Junction,  so  that  I  have  no  doubt  about  the  extent  of  its  range’. 

NMV:  No.  21767  and  R2185  (=  Bl.  608,  Echuca). 

Discussion:  Marlow  (1958)  indicated  that  NMV  No.  21767  originated  from  ‘the 
junction  of  the  Murray  and  the  Darling  Rivers’  in  1867  ‘in  spite  of  Krefft’s 
(1866)  statement’.  It  is  now  clear  that  No.  21767  originated  from  the  Gun¬ 
bower  area  in  1857. 

Lagorchestes  leporides 

Catalogue:  41  numbers,  commencing  in  list  VIII,  named  ‘Turratt’. 

List:  ‘ Bettongia  rufescensl  Rufous  hare  kangaroo.  Turratt’. 

No.  1496,  1499,  1575,  1782,  1795,  1796,  1860,  and  2699,  placed  in 
the  NMV. 

Krefft  (1866):  ‘ Lagorchestes  leporides.  Turratt.  Common  upon  the  level  country 
between  the  Murray  and  Darling’. 
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Krefft  (1864) :  In  the  AM — ‘a  &  b.  Adult  males.  Lower  Darling.  From  the  NMV’. 

‘The  plains  bordering  upon  the  Murray,  Murrumbidgee  and  Darling  appear 
to  be  the  favourite  haunt  of  the  species.’ 

NMV:  No.  R2252  (=  Bl.  1920),  R2253  (=  Bl.  847),  R2254,  and  R2474 
(=  Bl.  1579). 

Discussion:  Krefft  has  given  no  indication  that  he  encountered  Lagorchestes  south 
of  the  Murray  River. 

NMV  No.  11154,  registered  as  ‘Mount  Hope.  Purchased  of  Batchelor’,  may 
have  been  a  Blandowski  expedition  specimen. 

(The  catalogue  number  1860  was  used  also  for  a  specimen  of  Macrotis 
lagotis. ) 

Onychogalea  fraenata 

Diary:  ‘Bridle  nail  tailed  kangaroo.  Onychogalea  fraenata  ...  of  very  common 
occurrence,  to  be  met  with  any  part  of  the  Murray  scrub’. 

Catalogue:  42  numbers,  in  lists  I  to  VII,  named  ‘Pademelon’. 

24  numbers,  in  lists  IX  to  XVI,  named  ‘Merrin’. 

List:  ‘ Onychogalea  fraenata ?  Pademelon  (colonists).  Merrin’. 

No.  1873,  1899,  1917,  2297,  2329,  and  three  without  numbers,  placed  in 
the  NMV. 

Krefft  (1866):  ‘The  most  common  of  all  smaller  species  of  the  kangaroo  tribe’. 

Krefft  ( 1 864) :  ‘Onychogalea  fraenata  . . .  common  in  the  northern  parts  of  Victoria’. 

In  the  AM — “a.  Young  male.  Gunbower  Creek,  Lower  Murray.  From  the 
NMV’. 

NMV:  No.  21752  and  21753  were  registered  in  1867  but  the  latter  cannot  now 
be  found. 

Discussion:  In  both  the  Blandowski  catalogue  and  the  List,  No.  1899  was  used 
also  for  ‘Landwang’  (i.e.  Chaeropus  ecaudatus). 

Onychogalea  lunata 

NMV:  No.  25070?,  registered  in  1868,  from  ‘Junction  of  Murray  and  Darling. 
Blandowski’. 

Discussion:  No  specimen  bearing  this  number  was  found  in  the  NMV.  But  there 
is  an  old  mounted  female  specimen  of  O.  lunata  with  no  data  other  than  a  tag 
labelled  ‘1899’.  This  is  evidently  the  No.  25070,  which  had  been  misidentified 
by  Krefft  in  his  List  as  a  juvenile  O.  fraenata. 

In  discussing  O.  lunata,  Krefft  (1864)  stated  that  he  had  ‘taken  it  west  of  the 
Darling’.  Presumably  he  was  referring  to  a  Blandowski  specimen. 

Macropus  rufus 

Diary:  ‘The  Red  Kangaroo  ( Osphranter  rufus)  is  to  all  appearance  very  scarce, 
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as  not  a  single  specimen  was  brought  in  during  our  stay  at  Gunbower  by  the 
natives’. 

Catalogue:  Only  4  numbers — 1788,  1903,  1904,  and  1980 — named  ‘red  kangaroo’. 

Cist:  ‘ Osphranter  rufus.  Great  Red  Kangaroo.  Native  name  ?  Although  this  species 
is  to  be  found  on  both  banks  of  the  Murray  yet  all  the  specimens  procured 
were  killed  near  to  the  Darling  junction’. 

No.  1788,  1904,  1980,  and  two  others  without  numbers  specified,  placed 
in  the  NMV. 

Krefft  (1866):  ‘ Osphranter  rufus.  Bullucur  .  .  .  has  become  very  scarce  upon  the 
left  bank  of  the  Murray,  but  is  still  found  in  considerable  numbers  in  New 
South  Wales  and  South  Australia.  The  range  of  this  species  to  the  eastward  does 
not  extend  much  beyond  Mount  Hope’. 

Discussion:  No  Blandowski  specimen  of  M.  rufus  has  been  traced  in  the  NMV 
register  or  collections. 

Krefft’s  ‘near  the  Darling  Junction’  is  a  New  South  Wales  locality. 

Krefft’s  belated  use  of  ‘Bullucur’  for  this  species  is  at  variance  with  his 
earlier  lack  of  a  native  name  for  it. 

Macropus  major 

Diary:  ‘Common  Kangaroo  or  Great  Kangaroo  ...  is  also  scarce,  all  the  specimens 
procured  were  small’.  / 

Catalogue:  No.  353  is  named  ‘Scrub  kangaroo’  with  a  note  in  Blandowski’s  hand¬ 
writing,  ‘not  identical  with  Macro  pus  major\ 

No.  377,  379,  and  1440,  named  ‘Kangaroo’. 

No.  1237  and  1457,  named  ‘Bullucur’. 

9  numbers,  including  1684  and  1902,  named  ‘Mallee  Scrub  Kangaroo’. 

No.  1790  is  ‘Grey  Kangaroo.  Mallee  scrub  on  the  Darling.  V.  rare.  Some¬ 
times  nearly  white’. 

List:  ‘Common  Scrub  Kangaroo.  Bullucur.  It  is  very  common  on  both  sides  of 
the  Murray. 

No.  1902,  1237,  1457,  and  1684,  placed  in  the  NMV. 

Krefft  (1866):  ‘ Macropus  major.  Bullucur.  A  much  more  common  species  than 
the  preceding’. 

NMV:  No.  19270,  19271,  19272  (re-registered,  R2114),  19273,  19274,  and 
19275,  were  registered  in  1866.  None  of  these  appears  to  be  in  existence  now. 

Discussion:  All  this  Blandowski  material,  with  No.  377,  379,  and  1790  as  possible 
exceptions,  appears  to  be  the  Black-faced  or  Mallee  Kangaroo,  M.  major 
melanops. 

Muridae 

Hydromys  chrysogaster 

Diary:  ‘The  golden  bellied  Beaver  Rat  exists  in  the  swamps’. 
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Catalogue:  No.  685c?  as  ‘Hydromis’,  and  No.  743  (young)  as  ‘Beaver  Rat’. 

List:  ‘This  rat  was  procured  at  Lake  Boga  but  it  is  also  found  in  most  of  the 
lagoons  and  waterpools  near  the  Murray’. 

No.  685  and  743,  placed  in  the  NMV. 

Krefft  (1866):  ‘All  the  specimens  of  this  rat  procured  by  me  are  from  Gunbower 
Creek  and  Lake  Boga,  where  the  animal  is  very  plentiful  .  .  .  This  rat  is  not 
found  on  the  Lower  Darling,  at  least,  I  was  assured  by  the  natives  that  they 
had  never  seen  it’. 

Krefft  (1864):  ‘Murray,  Darling,  Loddon,  the  Avoca  .  .  .’. 

NMV:  R12055  and  R12056?  (=  Bl.  743)  (re-registered,  C4868  and  C4867, 
respectively). 

Thetomys  gouldii 

Brazenor  (1936a)  included  these  details:  "Pseudomys  ( Thetomys )  gouldi  .  . 
Gould’s  Mouse  has  not  been  recorded  from  Victoria  since  1857,  when  Blan- 
dowski  secured  several  specimens.  Unfortunately  these  were  crushed,  apparently 
soon  after  their  preparation  as  skins,  and  are  completely  flattened’. 

NMV:  Only  one  of  the  ‘several  specimens’  can  be  traced  in  the  register.  It  is 
No.  C955. 

Discussion:  In  the  Blandowski  catalogue,  No.  1439  is  named  ‘Darling  Rat’,  and 
No.  1443  is  named  ‘White-tailed  Darling  Mouse’.  These  appear  in  list  X, 
which  was  completed  shortly  after  Blandowski  returned  from  his  700-mile 
Darling  River  excursion. 

Krefft’s  List  includes  ‘Darling  Mouse.  This  mouse  was  procured  by  the 
natives  on  the  Darling.  Mr.  Bl.  brought  it  from  there  and  I  am  unable  to 
furnish  any  information  respecting  its  habits,  etc.’. 

No.  1443  was  noted  as  having  been  placed  in  the  NMV  as  a  ‘stuffed’ 
specimen. 

Krefft  (1866)  noted  that  ‘several  skins  of  Hapalotis  were  received  through 
native  tribes  living  some  100  miles  further  north,  but  all  were  in  such  bad 
preservation  that  it  was  found  impossible  to  give  a  correct  description  of  them’. 

The  mounted  Blandowski  specimen  No.  1443  cannot  be  traced  in  the 
NMV  register  or  collections.  NMV  No.  C955  is  a  study  skin,  not  a  mount. 

Although  the  evidence  is  circumstantial  only,  it  indicates  that  the  NMV 
specimen  C955  was  brought  back  by  Blandowski  from  a  considerable  distance 
up  the  Darling  River.  Therefore,  it  should  not  have  been  recorded  as  repre¬ 
senting  a  Victorian  species. 

Leggadina  hermannsbur gerisis 

Catalogue:  In  list  VIII — 13  members  (766,  790,  and  817-827)  named  ‘Lanango’, 
and  two  (852,  1000)  named  ‘Little  Mouse’. 
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In  list  IX — No.  1093-5,  named  ‘Kahlpere,  little  Hapalotis’. 

A  further  31  numbers  (including  1333,  1336,  1399,  1661,  1774,  and 
1835),  in  lists  X.  XI,  XIV,  and  XV,  named  ‘Kunnang’. 

List:  ‘Australian  Field  Mouse.  Mus  novae-hollandiae — Kunang.  Distributed  all 
over  the  Murray  scrub’. 

No.  818,  822,  1093,  and  1661,  placed  in  the  NMV. 

NMV:  No.  21677  (=B1.  1093)  and  21678  (=  Bl.  1661),  registered  in  1867  as 
‘Pseudomys  novae-hollandiae’. 

No.  C984-C1006  (certain  of  which  are  the  Blandowski  numbers  790, 
827,  1333,  1399,  1774,  and  1835),  as  ' Pseudomys  novae-hollandiae’ . 

There  are  some  unregistered  scraps  bearing  tags  labelled  ‘821’  and  ‘1336’. 

Discussion:  In  his  1866  paper,  Krefft  omitted  the  species,  evidently  inadvertently. 

NMV  specimen  Cl 001  bears  a  tag  labelled  ‘851’  which  in  the  Blandowski 
catalogue  is  not  a  mammal.  The  specimen  bears  a  second  tag  inscribed 
‘Kunumalka,  Darling,  9  June’. 

Brazenor  (1936,  1936a)  treated  the  Blandowski  material  as  ' Pseudomys 
( Leggadina )  novae-hollandiae’.  Troughton  (1937)  named  it  Leggadina  her- 
mannsburgensis  brazenori. 

' Mus  subrufus*  (cf.  Gyomys  desertor) 

Catalogue:  In  list  IX — No.  1037,  1057,  1092;  as  ‘Ramm  Ramm  Mouse’. 

In  list  X— No.  1334,  1337,  1374,  1392-6,  1398;  as  ‘Padorka’. 

In  list  XI— No.  1627,  1653,  1682,  1778,  1792,  1798;  as  ‘Ram  Ram’. 

In  lists  XIV  and  XV— 1908,  1924,  1925,  1928,  1936;  as  ‘Padack’. 
1845,  1950,  1951;  as  ‘Pethack’. 

In  list  XV— 1964,  1965,  1981,  1982,  1989,  1992,  1993,  1997,  2011, 
2031;  as  ‘Pasack’.  2032;  as  ‘Kunnang’. 

List:  ‘Dusky  Mouse.  Pethack.  Murray  and  Darling  scrub.  This  mouse  is  also 
procured  in  large  numbers  by  the  blackfellows,  who  dig  them  out  of  the  ground’. 

No.  1057,  1334,  1395,  and  1682,  placed  in  the  NMV. 

Krefft  (1866):  ‘ Mus  subrufus!  Dusky  Mouse.  Pethack.  Apparently  an  undescribed 
species  (for  which  I  would  propose  the  name  Mus  subrufus)  is  found  in  large 
numbers  between  Gol  Gol  Creek  and  the  Darling;  it  is  nocturnal  and  gregarious, 
and,  like  Hapalotis  mitchellii ,  burrows  into  the  ground;  four  young  are  produced 
at  a  time  by  the  female’. 

NMV:  5  specimens  (No.  C145-C149)  registered  as  Pseudomys  desertor.  These  are 
associated  with  Blandowski  field  tags  bearing  No.  2032,  1982,  1778,  1398,  and 
1331,  respectively. 

Discussion:  Iredale  and  Troughton  (1934)  included  ‘ Mus  subrufus  Krefft’  among 
names  ‘not  yet  accurately  located’. 

Krefft’s  Mus  subrufus  is  the  ‘Dusky  Mouse.  Pethack’  of  his  List. 

The  4  specimens  identified  thus  in  the  List  were  named  ‘Ramm  Ramm’ 
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(No.  1037),  ‘Ram  Ram’  (No.  1682),  and  ‘Padorka’  (No.  1334,  1395)  by 
Krefft  in  the  Blandowski  catalogue. 

‘Padorka’,  ‘Padack’,  ‘Pasack’,  and  ‘Pethack’  are  evidently  different  render¬ 
ings  of  the  one  aboriginal  name. 

NMV  No.  C145  (=  Bl.  2032,  ‘Kunnang’),  C146  (=  Bl.  1982,  ‘Pasack’), 
C147  (=  Bl.  1778,  ‘Ram  Ram’),  C148  (=  Bl.  1398,  ‘Padorka’)  and  C149,’ 
are  the  5  specimens  identified  by  Brazenor  (1936a)  as  ‘ Pseudomys  ( Gyomys ) 
desertor  Troughton’.  Cl  48  is  the  specimen  which  Troughton  had  compared 
with  the  type  and  pronounced  ‘indistinguishable  from  the  central  form’. 

In  the  Blandowski  catalogue.  No.  1331  is  named  ‘Microca’  (?  Microica , 
a  flycatcher).  This  number,  on  the  tag  associated  with  NMV  specimen  Cl 49, 
is  probably  a  mistake  for  1334  or  1337. 

Brazenor  (1936a)  recorded  the  Blandowski  specimens  as  Victorian,  though 
the  only  specific  locality  given  by  Krefft  is  in  New  South  Wales.  However,  the 
‘Murray  and  Darling  scrub’  of  Krefft’s  List,  and  the  large  number  of  specimens 
noted  in  the  catalogue,  indicate  a  general  distribution  which  probably  extended 
into  Victoria. 

Leporillus  apicalis 

Catalogue:  96  specimens,  in  lists  VIII  to  XX,  named  ‘Tillikin’;  4  others,  including 
1116,  in  list  IX,  identified  as  ‘Conilurus  albipes and  No.  2097,  as  ‘White  tip’. 

List:  ‘ Hapalotis  apicalis.  White-tipped  Hapalotis.  Tillikin.  Murray  and  Darling 
scrub’. 

No.  887,  933,  1116,  1200,  and  2097,  placed  in  the  NMV. 

Krefft  (1866):  ‘White-tipped  Hapalotis.  I  observed  the  first  specimens  in  the 
neighbourhood  of  Euston,  and  found  it  in  great  numbers  upon  Sir  Thomas 
Mitchell’s  old  track  on  both  sides  of  the  Murray.  It  also  occurs  on  the  Darling’. 

Krefft  (1964):  In  the  AM— ‘a,  b  &  c.  Adult  males.  Gall  Gall  Creek.  Lower 
Murray’. 

NMV:  No.  21672  (=  Bl.  1200),  21673,  and  21674  (=  Bl.  2097). 

No.  R1760-R1764  and  R1767  (re-registered,  C5570-C5574  and  C5579, 
respectively),  and  R1768. 

No.  C87-C98  (associated  with  Blandowski  No.  1320,  1261,  1268,  1890, 
1298,  1212,  1324,  879,  1217,  1147,  1271,  1227,  and  1264,  respectively),  and 
C99. 

Discussion:  In  the  Blandowski  catalogue,  No.  879  does  not  apply  to  this  species. 

Leporillus  conditor 

Catalogue:  7  numbers,  in  lists  XIV  and  XX,  named  ‘Kohl’. 

List:  ‘ Hapalotis  conditor.  Building  Hapalotis.  Kohle  or  Kohl  ...  all  the  specimens 
procured  by  the  natives  were  obtained  when  I  was  encamped  with  them  near 
Mount  Lookout,  a  sandhill  about  ten  miles  from  the  Darling  junction’. 
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Krefft  (1866) :  ‘I  found  that  it  had  already  retreated  .  .  .  across  the  Murray.  Only 
a  few  empty  nests  were  occasionally  met  with  south  of  that  river’. 

Krefft  (1864) :  ‘I  do  not  think  that  it  occurs  south  of  the  Murray,  where  according 
to  the  aborigines,  it  was  found  in  large  numbers  not  many  years  ago’. 

In  the  AM — ‘a.  Adult.  Tapio,  Lower  Darling.  From  the  NMV\ 

NMV:  No.  21675c?  and  21676?  are  associated  in  the  register  with  Blandowski 
No.  2421  and  1851  respectively,  but,  according  to  the  sexes  recorded,  these 
two  numbers  have  been  confused. 

No.  C100  (=  Bl.  1995)  and  C101  (=  Bl.  1918). 

Notomys  mitchellii 

Catalogue:  96  numbers,  from  lists  VIII  to  XX,  named  ‘Kahlpere’. 

List:  ‘ Hapalotis  mitchellii.  Mitchell’s  Hapalotis.  Kahlpere.  In  the  scrub  on  the 
Murray  and  Darling’. 

Of  the  4  Blandowski  specimens  listed  here  as  placed  in  the  NMV,  only 
No.  2660  is  named  ‘Kahlpere’  in  the  catalogue,  while  the  other  three  (No.  2510, 
2200,  and  2186)  were  used  for  non-mammalian  specimens. 

Krefft  (1866):  ‘I  was  unable  to  procure  specimens  at  Gunbower  Creek,  or  at  the 
junction  of  the  Loddon.  The  first  pair  obtained  were  brought  to  me  by  natives 
in  the  neighbourhood  of  the  Murrumbidgee.  This  animal  is  very  plentiful  on 
the  Darling’. 

NMV:  No.  21679  (=  Bl.  1990)  and  21680  (=  Bl.  2074);  Cll  to  C35;  C209  to 
C211;  and  R1767  (re-registered,  C5579). 

Of  these,  12  specimens  have  tags  bearing  Blandowski  catalogue  numbers 
which  were  named  ‘Kahlpere’.  However,  6  others  have  tags  bearing  numbers 
which,  in  the  catalogue,  belong  to  bird  specimens. 

Discussion:  Although  there  are  minor  discrepancies  with  some  other  species,  this  is 
the  only  example  of  major  confusion  of  Blandowski  catalogue  numbers. 

'Hapalotis*  (=  Notomys  mitchelliil) 

Catalogue:  No.  1971,  2075,  and  2186,  named  ‘Kirrie  Mouse’;  1946  and  2077, 
named  ‘Muirruitang  Mouse’. 

List:  ‘Hapalotis.  On  the  Murray  at  Mondellimin.  There  were  only  a  few  specimens 
of  this  mouse  procured,  which  is  similar  to  Mitchell’s  Hapalotis  but  it  wants 
the  brush  on  the  end  of  its  tail.  The  fur  is  shorter  and  somewhat  harder  to  the 
touch  (than)  that  of  Hapalotis  mitchellii \ 

NMV:  No.  21686  (=  Bl.  2075)  and  21687  (=  Bl.  2086),  registered  in  1867. 

Discussion:  It  is  probable  that  this  material  was  Notomys  mitchellii ,  the  tail  tip  of 
which  is  sometimes  stripped  of  skin  and  hair. 

Neither  of  the  registered  specimens  can  be  traced  with  certainty  at  the 
NMV.  However,  a  mounted  specimen  with  no  data  attached  may  be  one  of 
them;  it  is  Notomys  mitchellii  and  lacks  the  tail  tip. 
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Canidae 

Cards  jamiliaris  dingo 

Diary:  ‘The  dingo  is  not  so  plentiful  as  in  former  years  as  the  strychnine  of  the 
settler  has  killed  a  great  many,  and  only  a  very  few  individuals  are  to  be  met 
with  in  the  most  scrubby  part  of  the  country  or  among  the  rocks  at  Mount 
Hope’. 

Catalogue:  Two  numbers,  in  list  XVI,  apply  to  the  dingo. 

List:  ‘ Cams  dingo* . 

No.  2246  and  an  unnumbered  (black)  specimen,  placed  in  the  NMV. 

Krefft  (1866):  ‘He  is  as  plentiful  as  ever  on  the  Lower  Murray  and  Darling’. 
Discussion:  No  Blandowski  specimen  is  noted  in  the  register  nor  was  any  traced 
at  the  NMV. 

Rhinolophidae 
Rhinolophus  megaphyllus 

Krefft  (1866):  ‘Rhinolophus  megaphyllus.  Large-leaved  Horseshoe  Bat.  Frequently 
observed  near  Gunbower  Creek’. 

Krefft  (1864):  ‘Habitat.  New  South  Wales  and  the  northern  district  of  Victoria’. 
Discussion:  There  is  no  museum  specimen  to  support  these  reports  nor  any  mention 
of  the  species  in  the  Blandowski  documents. 

In  discussing  the  distribution  of  cave  bats,  Hamilton-Smith  (1965)  con¬ 
cluded  that  ‘this  record  should  be  treated  as  doubtful’. 

Vespertilionidae 

cf.  Nyctophilus  geoffroyi 

Catalogue:  No.  686  and  1889,  named  ‘Bat’. 

List:  ‘Large  eared  Bat’. 

No.  686  and  1889,  placed  in  the  NMV. 

Krefft  (1866):  ‘ Nyctophilus  geoffroyi.  Observed  at  various  places  between  Gun- 
bower  Creek  and  the  junction  of  the  Darling’. 

Discussion:  No  Blandowski  specimen  has  been  traced  in  the  register  or  collections 
at  the  NMV. 

?  Eptesicus  pumilus/1  Chalinolobus  morio 

Catalogue  No.  1185,  named  ‘Common  Bat’. 

(There  were  also  two  spirit  specimens  of  bats.) 

List:  ‘Bat’. 

No.  1185,  placed  in  the  NMV. 

Krefft  (1866):  ‘ Scotophilus  pumilus  ...  a  single  specimen  was  captured  near 
Mildura,  20  miles  from  the  Darling’. 
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‘ Scotophilus  morio  .  .  .  specimens  of  which  have  been  captured  on  the 
lower  Darling.’ 

Discussion:  No  registration  or  preserved  specimen  has  been  found  at  the  NMV 
to  allow  either  of  Krefft’s  identifications  to  be  checked. 
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TWO  LATE  MONOGRAPTUS  SPECIES  FROM  VICTORIA,  AUSTRALIA, 
AND  THEIR  SIGNIFICANCE  FOR  DATING  THE 
BARAGWANATHIA  FLORA 

By  Hermann  Jaeger 

Institute  and  Museum  of  Palaeontology, 
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Abstract 

The  graptolites  associated  with  Baragwanathia  in  the  most  widespread  development  of 
plant-graptolite  beds,  i.e.  the  Wilson’s  Creek  Shale  and  its  equivalents,  long  regarded  as 
varieties  of  the  Lower  Ludlow  Monograptus  uncinatus ,  are  shown  to  belong  to  a  new  species 
M.  thomcisi  herein  described  and  compared  with  similar  species,  particularly  M.  praehercynicus 
Jaeger.  M.  thomasi  characterizes  the  highest  graptolite  zone  known  from  Australia.  Mono¬ 
graptus  aequabilis  (Pribyl),  an  index  species  of  the  basal  Lochkovian  (e7>  (=  Lower 
Gedinnian)  M.  uniformis  zone,  is  described  from  plant-graptolite  beds  containing  abundant 
Baragwanathia  1,500  ft  stratigraphically  below  the  horizon  of  M.  thomasi.  The  occurrence  of 
tentacuiitids  indicating  approximate  equivalents  of  the  zone  of  M.  hercynicus  (late  Lochkovian) 
3,500  ft  above  the  zone  of  M.  thomasi  suggests  that  the  zone  of  M.  thomasi  is  of  probable 
Middle  Lochkovian  age,  though  a  younger  age  may  be  possible  from  the  morphology  of  the 
graptolite. 

The  Baragwanathia  flora  accordingly  makes  its  first  appearance  in  post-Ludlow  times,  the 
earliest  adequately  dated  occurrence  being  of  basal  Lochkovian  (Lower  Gedinnian)  age.  Its 
earliest  appearance,  therefore,  is  approximately  coeval  with  the  earliest  undoubted  vascular 
plants  in  Europe. 

Introduction 

The  association  of  plants  and  graptolites  has  been  familiar  to  Victorian  geologists 
since  the  beginning  of  this  century.  It  was  noted  by  such  pioneers  as  W.  Barag- 
wanath,  F.  Chapman,  H.  Herman,  E.  W.  Skeats,  and  O.  A.  L.  Whitelaw,  and 
later  by  Wm  J.  Harris,  R.  A.  Keble,  D.  E.  Thomas,  and  others  (cf.  Lang  & 
Cookson  1935,  p.  422-425;  Harris  &  Thomas  1937,  p.  69;  1941).  It  was  not 
until  the  work  of  W.  H.  Lang  &  I.  C.  Cookson  that  this  association  achieved 
world-wide  fame,  the  flora  being  regarded  as  ‘the  most  ancient  vascular  land  plants 
yet  known  from  any  part  of  the  world’  (Lang  &  Cookson  1935,  p.  422).  The  most 
frequent  and  characteristic  plant  of  this  early  vascular  flora  is  Baragysanathia  longi - 
folia  Lang  &  Cookson  which  posseses  a  stout  stem  clothed  with  spirally  arranged, 
long  simple  leaves;  it  is  generally  regarded  as  a  lycopod  (e.g.  Banks  1960,  p.  60). 

The  Baragwanathia  flora  has  for  many  years  been  generally  regarded  as  Silurian 
because  of  the  associated  graptolites;  correlation  varied  from  earlier  deter¬ 
minations  of  early  Wenlock  and  late  Llandovery  (Tarannon)  to  Lower  Ludlow. 
The  latter  correlation  was  accepted  for  more  than  two  decades  following  Elles’s 
(in  Lang  &  Cookson  1935)  identification  of  graptolites  from  two  important 
Baragwanathia  localities  as  chiefly  varieties  of  Monograptus  uncinatus  Tullberg. 
This  determination  was  adopted  by  Harris  &  Thomas  (1937  and  later  work) 
‘though  not  without  hesitation’  (H.  &  Th.  1937,  p.  69).  A  part  of  the  plant- 
graptolite  association,  which  at  that  time  had  not  yielded  identifiable  plants,  was 
assigned  to  the  basal  Wenlock  by  Harris  &  Thomas  (1937,  p.  69)  who  believed 
M.  vomerinus  (Nicholson)  and  its  variety  crenulatus  Tornquist  to  be  present.  For 
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a  full  appreciation  of  Elles’s  and  Harris  &  Thomas’s  identifications,  one  must  bear 
in  mind  that,  until  recently,  there  was  a  relative  lacuna  in  knowledge  of  the  species- 
groups  with  which  they  were  comparing  the  Australian  forms. 

Photographs  in  Lang  &  Cookson  (1935)  demonstrating  the  association  of  grap- 
tolites  and  Baragwanathia  on  the  same  bedding  plane,  and  the  figures  and  descrip¬ 
tions  given  by  Harris  &  Thomas  (1937)  led  Jaeger  (1959,  p.  84-5)  to  suspect  that 
the  graptolites,  hitherto  identified  as  varieties  of  M.  uncinatus ,  were  younger 
forms  belonging  to  the  M.  hercynicus  group  and  were  accordingly  suggestive  of  an 
Upper  Ludlow  (Lochkovian,  ey),  Gedinnian,  or  even  younger  age.  Tenuous  evidence 
from  their  widespread  occurrence  in  abundance  to  the  exclusion  of  other  graptolite 
species  lent  some  support  to  this  conclusion,  for  M.  uncinatus  and  M.  micropoma 
are  comparatively  rare  in  the  European  Ludlow,  being  much  overshadowed  by 
other  and  more  common  species  of  Monograptus.  Subsequent  inspection  of  grap¬ 
tolites  associated  with  Baragwanathia  housed  in  European  museums  reinforced  my 
suspicion  that  close  relationship  to  a  known  Lower  Ludlow  or  older  graptolite 
species  could  be  ruled  out.  Owing  to  the  scantiness  of  the  material  available,  I 
could  not  prove  specific  identity  with  the  generalized  German  form  M.  praeher- 
cynicus  Jaeger  and  accordingly  indicated  their  similarity  to  that  species  by  labelling 
them  M.  cf.  praehercynicus  (Jaeger  1962a,  p.  131;  1962b). 

In  the  meantime,  G.  Solle  (1959)  had  very  cautiously  advanced  the  hypothesis 
that  the  association  of  the  presumed  Lower  Ludlow  graptolites  with  Baragwanathia 
could  be  due  to  reworking  of  the  Monograptus  rhabdosomes  from  older  rocks  during 
early  Devonian  times.  The  wide  distribution  and  abundance  of  the  plant-graptolite 
associations  shows  this  suggestion  to  be  untenable. 

My  notes  on  the  age  of  the  Baragwanathia  flora  and  the  accompanying  grap¬ 
tolites  have  received  wide  notice.  Mention  need  be  made  however  only  of  articles 
by  W.  B.  N.  Berry  (1964a  &  b)  and  G.  M.  Philip  ( 1964),  in  which  unpublished 
and  preliminary  data  of  mine  play  an  important  role.  Berry  was  primarily  concerned 
with  graptolites  from  the  Baragwanathia-beafmg  beds  at  Eildon.  In  his  first  paper 
he  recorded  two  forms  said  to  resemble  M.  praehercynicus  and  M.  microdon\  in 
the  second  paper  they  were  described  as  4 Monograptus  sp.  nov.  (of  the  M.  her¬ 
cynicus  type)  formae  A  and  B’,  leaving  it  undecided  whether  the  two  represent 
true  species  or  are  merely  preservational  forms.  Largely  on  the  basis  of  those 
graptolites,  Berry  assigned  the  Baragwanathia- bearing  strata  at  Eildon  and  at  the 
19  Mile  Quarry  (Yarra  Track)  to  the  Gedinnian.  Berry’s  correlation  has  been 
challenged  by  Philip  (1964),  partly  on  evidence  derived  from  shelly  fossils  and 
partly  on  the  basis  of  a  working  hypothesis  advanced  by  me  (in  litt.).  According  to 
Philip,  ‘it  seems  likely  that  all  of  the  upper  graptolite  occurrences  are  of  the  same 
age,  viz.  pre-Gedinnian  and  probably  late  Ludlovian’. 

b  Amplification  of  my  provisional  view  seems  desirable  in  view  of  its  publication 
by  Philip.  After  receiving  the  first  samples  of  a  representative  graptolite  collection 
from  the  Geological  Survey  of  Victoria,  I  became  for  a  short  while  less  certain  as 
to  its  stratigraphic  position  than  I  had  been  previously,  and  was  inclined  to  assume 
a  possible  "age  for  the  Baragwanathia-gvaptoUte  beds  somewhere  in  the  interval 
between  the"e/?i/e/?2  boundary  on  the  one  hand  and  the  top  of  the  Lochkovian 
(ey)  on  the  other,  or  even  to  suggest  an  age  around  the  e0i/e/?2  boundary.  At  this 
latter  horizon,  several  still  undescribed  graptolite  species  belonging  to  various 
lineages  are  characterized  by  a  distinct  stretching  of  the  proximal  parts  of  their 
rhabdosomes  in  a  way  reminiscent  of  the  proximal  elongation  typical  of  M.  thomasi 
n.sp.  However,  other  evidence  indicates  a  younger  age  for  the  Baragwanathia  flora 
in  close  agreement  with  my  original  opinion. 
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Stratigraphic  implications,  including  the  age  of  the  Baragwanathia  floras 

The  work  of  various  authors,  particularly  Alberti  (1962,  1963),  Boucot 
(1960),  Boucot  &  Pankiwskyj  (1962),  Hollard  (1963,  1965),  Jaeger  (1962,  and 
review  1965),  and  Walliser  (1962,  1964)  regarding  the  range  of  brachiopods, 
trilobites,  graptolites,  Scyphocrinus ,  and  conodonts  shows  that  the  base  of  the 
Gedinnian  sensu  Richter  &  Richter  (1954)  corresponds  to  the  base  of  the  Lochkov 
stage  (ey)  in  the  graptolitic  facies.  In  order  to  have  a  precise  and  widely  applicable 
lower  limit  for  the  Lochkovian  (ey),  I  take  the  first  appearance  of  Monograptus 
uniformis  Pribyl  as  indicating  the  beginning  of  this  stage.  This  event  coincides 
approximately  with,  for  instance,  the  entrance  of  the  conodont  leriodus  woschmidti 
Ziegler,  the  trilobite  Warburgella  rugulosa  (Alth),  and  slightly  overlaps  with  the 
highest  occurrence  of  the  crinoid  Scyphocrinus  elegans  Zenker.  All  these  fossils  are 
widely  distributed  over  much  of  Europe  and  North  Africa;  some  are  known  also 
from  North  America. 

Now  M.  aequabilis  is  a  key  fossil  for  the  basal  Lochkovian  Monograptus 
uniformis  zone  (cf.  description  later).  Its  occurrence,  therefore,  within  equivalents 
of  the  Eildon  Beds  at  the  20  Mile  Quarry,  Yarra  Track,  in  Victoria  constitutes  an 
important  stratigraphic  reference  point,  provided  that  M.  aequabilis  is  here  confined 
to  the  same  horizons  as  in  Europe.  This  reservation  should  be  stressed,  because  the 
phylogeny  of  M.  aequabilis  is  not  known  and  its  Victorian  occurrence  is  to  some 
extent  out  of  succession.  At  the  20  Mile  Quarry,  M.  aequabilis  occurs  with  the 
oldest  adequately  dateable  vascular  plants,  including  Baragwanathia ,  known  from 
Victoria  (Cookson  1945).  This  horizon  is  not  known  with  certainty  elsewhere. 
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Another  plant-graptolite  association  characterized  by  Monograptus  thomasi  n.sp. 
and  a  variety  of  plants  including  Baragwanathia  and  Hedeia  is  widely  distributed 
over  central  Victoria.  At  the  19  Mile  Quarry  on  the  Yarra  Track  it  occurs  approxi¬ 
mately  1 ,500  ft  stratigraphically  above  the  zone  of  Af.  aequabilis.  Despite  this  wide 
distribution  we  are  presently  unable  to  precisely  correlate  occurrences  of  vascular 
plants  elsewhere  in  Victoria  stratigraphically  beneath  the  zone  of  Af.  thomasi.  It 
is  possible  that  some  of  these  are  older  than  the  zone  of  Af .  aequabilis  because  great 
thicknesses  of  sediment  are  involved,  e.g.  in  the  Yea-Molesworth  district  (Couper 
1965).  In  the  Seymour  district,  Af.  thomasi  occurs  through  an  appreciable  strati¬ 
graphic  thickness  at  the  top  of  many  thousands  of  feet  of  plant-bearing  sediments 
(Schleiger  1964,  Fig.  14  and  pers.  comm.). 

On  the  other  hand,  it  is  important  to  note  that  though  suggestive  ‘chafF  has 
been  found  associated  with  Lower  Ludlow  ( nilssoni  zone)  graptolites  in  the  Heath- 
cote  district,  no  definite  vascular  plant  remains  have  yet  been  found  in  areas  where 
this  horizon  is  known  with  certainty,  viz.  in  west-central  Victoria  between  Mel¬ 
bourne  and  Heathcote  (Talent,  pers.  comm.).  Though  long  known  from  the 
Melbourne  area  (Jones  1927),  the  zone  of  A/,  nilssoni  is  best  documented  for 
Victoria,  as  far  as  stratigraphy  is  concerned,  in  the  Heathcote-Redcastle  district 
(Harris  &  Thomas  1937;  Thomas  1940,  1941).  Graptolites  from  the  Dargile  For¬ 
mation,  Parish  of  Redcastle,  Locality  43  of  Dr  Thomas,  have  been  identified 
(Harris  &  Thomas  1937)  as  Af.  bohemicus  and  Af.  colonus ,  with  which  deter¬ 
minations  I  agree.  A  rhabdosome  from  the  parish  of  Heathcote,  locality  35,  about 
500  ft  stratigraphically  lower  than  loc.  43  (Talent  in  litt.)  has  been  determined 
(Harris  &  Thomas  1937,  PI.  II,  fig.  29)  as  Af.  uncinatus  var.  orbatus .  Better 
preserved  specimens,  collected  later  from  the  same  locality,  closely  approach  the 
Lower  Ludlow  Af.  uncinatus  s.s.  but  are  distinct,  perhaps  a  new  species  or  sub¬ 
species;  scarcity  of  material  precludes  adequate  description. 

It  remains,  therefore,  to  discuss  the  age  of  Af.  thomasi ,  for  though  it  is  closest 
to  Af.  praehercynicus  Jaeger,  the  Middle  Lochkovian  zone  fossil  in  Thuringia  and 
Bohemia,  no  precise  date  can  be  inferred  from  its  morphology.  The  Af.  thomasi 
horizon  occurs  between  the  Af.  aequabilis  horizon  and  the  long-known  Panenka- 
tentaculite  association  found  widespread  in  the  Tanjil  Formation  some  3,500  ft 
stratigraphically  above  the  Af.  thomasi  zone.  This  fauna  contains  (Talent  1965)  the 
oldest  small  tentaculite  species  Nowakia  intermedia ?  (Barrande),  Novakia  acuaria 
(Richter),  and  others  which,  from  Central  Europe  to  North  Africa,  do  not  appear 
before  the  Af.  hercynicus  zone,  indeed  coming  in  some  distance  above  the  base  of 
the  hercynicus  zone.  The  cited  tentaculites  can  be  regarded  accordingly  as  heralding 
the  late  Lochkovian  hercynicus  zone  in  Victoria;  this  assumption  is  consistent  with 
other  fossil  evidence  (Talent  1965). 

Some  adjustment  of  relative  ranges  of  tentaculitids  and  monograptids  may  result 
from  more  detailed  work.  Graptolitic  slate  samples  from  the  Road  River  Formation, 
Richardson  Mountains,  Yukon,  Canada,  sent  to  me  by  Dr  D.  E.  Jackson  contain 
Af.  cf.  praehercynicus  associated  with  N.  cf.  acuaria  (identification  confirmed  by 
Dr  K.  Zagora).  Though  Af.  hercynicus  has  not  been  recorded  from  this  formation, 
the  ranges  of  Af.  praehercynicus  and  Af.  hercynicus  overlap  notably  in  Thuringia. 
Nevertheless,  the  Yukon  association  could  indicate  that  the  first  occurrence  of  these 
small  tentaculites  is  before  the  zone  of  Af.  hercynicus  in  distant  parts  of  the  world. 

The  top  of  the  Lochkovian  is  currently  equated  with  an  undefined  level  some¬ 
where  within  the  Siegenian,  possibly  very  high  in  the  Siegenian.  It  is  not  known 
how  the  Lochkovian  graptolite  zones  are  distributed  between  the  Gedinnian  and 
Siegenian.  It  is  certain,  however,  that  the  uniformis  zone  starts  at  the  base  of  the 
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Gedinnian  at  least.  Hence,  the  oldest  possible  correlation  for  the  Baragwanathia- 
M.  thomasi  association  would  be  extending  through  the  late  Lower  Gedinnian;  it 
may  well  range  into  the  Upper  Gedinnian;  even  an  early  Siegenian  age  cannot  be 
ruled  out. 

Baragwariathia  itself  ranges  still  higher  to  the  top  of  the  Tanjil  Formation, 
roughly  corresponding  to  the  boundary  between  the  Lochkovian  and  Praguian.  The 
maximum  range  in  age  of  Baragwanathia  is  accordingly  early  Gedinnian  to  latest 
Siegenian.  Baragwanathia  and  its  associates,  therefore,  are  not  older  than  the  Euro¬ 
pean  vascular  plants  from  the  Downtonian  to  Breconian,  and  the  Gedinnian  to 
Lower  Emsian  of,  for  instance,  the  British  Isles,  Germany,  and  Spitzbergen. 

The  correlation  scheme  which  emerges  from  this  partial  graptolitic  and  tentacu- 
litic  sequence  is  summarized  in  Table  1. 

Table  1 

Correlation  of  the  late  Silurian-early  Devonian  sequence  of  central  Victoria  with 

the  Bohemian  and  British-Rhenish  standard  successions  ( dotted  lines  indicate 

uncertain  boundaries) 


Walhalla 

Group 

Praguian 

(f) 

Emsian 

Tanjil 

Formation 

; 

N.  acuaria 

N.  intermedia ? 

a 

■§ 

M.  hercynicus 

Lochkovian 

(C7) 

M.  praehercynicus 
M.  uniformis 

Siegenian 

Wilson’s  Ck 

5  3  Shale 

So 

M.  thomasi 

a 

K 

a 

£ 

9 

V. 

Gedinnian 

■*-»  ^ 

S  g  Eildon  Beds 
o 3  o  (upper  part) 

O 

-5 

2 

Dargile  Formation 

M.  aequabilis 

O 

GQ 

in  unit  2:  M.  sp.  aff. 
uncinatus,  M.  colonus , 

Budnanian 

Downtonian 

(partim) 

Ludlovian 

M.  bohemicus 

(e£i  +  efti) 

Notes  on  the  age  of  some  European  plant-graptolite  associations 

As  a  background  to  correlation  of  the  early  Devonian  vascular  floras  of  Aus¬ 
tralia,  I  have  been  asked  by  palaeobotanists  to  comment  on  the  age  of  the  European 
plant-graptolite  occurrences.  The  questionable  Cooksonia  specimens  described  and 
listed  by  Obrhel  (1962a,  1962b)  from  the  type  Lochkovian  (ey)  in  Bohemia  are 
of  the  same  age  as  the  earliest  Baragwanathia  in  Victoria  or  slightly  younger. 
Specimens  from  the  basal  Upper  Budnanian  ( e/J2 )  Monograptus  ultimus  zone  in 
Bohemia,  also  assigned  by  Obrhel  to  Cooksonia  (partly  with  certainty  and  partly 
doubtfully)  are  definitely  of  pre-Gedinnian  age.  I  am  undecided  whether  the  ultimus 
zone  falls  within  the  latest  Upper  Ludlovian  or  into  the  Downtonian.  Recent  work 
of  Walliser  (in  litt.)  on  conodonts  suggests  that  a  great  deal  of  the  e/?2  stage, 
namely  the  portion  up  to  the  base  of  the  Monograptus  transgrediens  zone,  might 
still  be  Upper  Ludlovian.  Hence,  the  ultimus-zone  plants  would  be  late  Upper 
Ludlovian  rather  than  Downtonian. 

The  LTaeniocrada- like  fossil’  of  W.  Zimmermann  (1953,  p.  176,  Abb.  3)  from 
the  locality  Wiedaer  Hiitte,  Harz  Mountains,  Germany,  originally  assigned  to  the 
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Lower  Ludlovian  and  repeatedly  used  by  Zimmermann  for  the  construction  of  phylo¬ 
genetic  trees,  is  associated  with  Monogrciptus  trcmsgrediens  Perner,  and  hence  is  of 
late  e/?2  age,  i.e.  Downtonian  or  (less  probably)  uppermost  Upper  Ludlovian. 

The  possible  land  plant  Saxonia  microphylla  Roselt  ( 1962),  from  the  Vogtland, 
Germany,  to  which  the  unspecified  label  ‘Ludlovian’  was  originally  attached,  is 
associated  with  M.  transgrediensl ,  M.  cf.  uniformis,  and  others;  has  definitely  come 
from  the  German  Upper  Graptolitic  Slates.  It  is,  therefore,  of  late  e/fe  or,  more 
probably,  of  early  ey  age,  i.e.  either  uppermost  Upper  Ludlovian  to  Downtonian  or, 
more  likely,  Lower  Gedinnian. 

Psilophytonl  hedei  Halle  (1920)  in  the  Hemse  Marl  at  Hablingbo,  island  of 
Gotland,  Sweden,  occurs  on  the  same  slab  as  Monograptus  chimaera  (Barrande), 
Retiolites  erraticus  Eisenack  and  other  graptolites,  proving  this  association  to  be 
Lower  Ludlow.  Most  paleontologists  however  regard  P.?  hedei  as  algal  rather  than 
vascular. 

Monograptus  aequabilis  (Pribyl  1941) 

(PI.  41,  fig.  1-2;  Fig.  Id) 

1937  Monograptus  vomerinus  (Nicholson),  and  var.  crenulatus  (Tornquist).  Harris  &  Thomas, 
Viet.  Grapts.  (n.s.),  IV,  p.  72,  PI.  1,  fig.  14-21.  Partly  refigured  in  Thomas  1960,  PI  13 
fig.  176,  178. 

1959  Monograptus  aequabilis  (Pribyl).  Jaeger,  Grapt.  Strat.  jiingst.  Thiir.  Sil.  p.  102-105 
Fig.  17a-b;  PI.  1,  fig.  8;  PI.  4,  fig.  3;  PI.  5,  fig.  1-5. 

Material:  A  dozen  juvenile  and  incomplete  adult  rhabdosomes,  entombed  in 
strongly  weathered,  bleached  argillaceous  slates.  With  the  exception  of  a  few 
specimens,  which  are  partly  preserved  in  low  relief  as  brown  iron  oxide  internal 
casts  (steinkems),  the  graptolites  are  compressed,  and  composed  of  a  very  incom¬ 
plete  carbonaceous  film.  Moreover,  all  material  is  deformed  by  flow  cleavage  marked 
on  the  bedding  planes  as  a  fine,  but  distinct  lineation. 

Description: 

Morphology  of  rhabdosome  and  thecae:  Rhabdosome  small  to  medium  sized, 
straight,  but  with  slight  ventral  curvature  of  the  dorsal  side  in  the  proximal  portion! 
The  specific  feature  is  the  peculiar  biformism  of  thecae:  thi  has  a  large  well- 
developed  hook  or  hood  (haube)  of  the  uncinaius  type,  i.e.  an  unpaired  arched 
mesial  shield,  which  extends  from  the  dorsal  side  of  the  virtual  thecal  aperture  down 
beyond  its  ventral  margin,  thus  surrounding  and  enclosing  the  true  aperture  com¬ 
pletely  and  producing  a  new  one. 

The  hood  of  thi  is  well  seen  in  all  available  Victorian  rhabdosomes  with  the 
proximal  end  preserved.  However,  owing  to  the  mode  of  preservation  the  specimens 
generally  exhibit  only  a  longitudinal  section  of  the  hood,  which  may  therefore 
simulate  a  spine.  Th2  has  a  much  smaller  hood,  if  at  all;  this  attains  at  the  most 
&-/£  the  size  of  that  in  thi,  and  just  covers  the  thecal  aperture.  All  succeeding  thecae 
fail  to  develop  a  real  hood,  but  instead,  after  a  short  transitional  interval  comprising 
about  th3_4  (5),  form  only  well-marked  supra- apertural  ridges,  which  project  about 
O'  1  mm  over  the  free  ventral  walls. 

Viewed  from  the  side,  the  apertures  of  the  thecae  give  the  appearance  of  small, 
rounded  to  triangular  excavations.  However,  orientation,  size  and  outline  of  the 
apertures  depend  strongly  on  their  position  relative  to  the  direction  of  cleavage 
(lineation)  which  tends  to  align  the  originally  horizontal  ventral  and  dorsal  margins 
of  the  apertures  parallel  to  the  lineation. 

The  apertural  margins  of  the  thecae  are  thickened,  and  consequently  form 
distinct  lips  ventrally  and  laterally.  The  free  ventral  walls  stand  vertical,  i.e. 
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parallel  to  the  axis  of  the  rhabdosome,  if  seen  in  side  view.  Where  the  free  ventral 
walls  are  inclined  to  the  axis  of  the  rhabdosome,  the  inclination  appears  always  to 
have  been  caused  by  oblique  embedding  of  the  specimen  or  post-mortal  deformation. 

It  still  remains  an  open  question,  whether  the  described  hood-less  climaco- 
graptid  type  of  thecae  persist  to  the  distal  end  of  adult  rhabdosomes,  or  whether 
they  are  gradually  replaced  distally  by  a  simpler  form.  In  the  Victorian  specimens 
the  climacograptid  type  of  thecae  occurs  throughout,  but  the  longest  rhabdosome 
has  only  25  thecae  preserved. 

Among  the  European  material  there  are  specimens  60  mm  long  and  consisting 
of  50  thecae.  In  these  rhabdosomes  the  distal  thecae  seem  to  be  simpler,  their  free 
ventral  walls  being  inclined,  and  the  supra-apertural  ridges  appear  to  be  absent. 
However,  all  these  long  rhabdosomes  are  more  or  less  tilted  distally.  Since  a  clear 
‘false’  distalward  simplification  of  the  thecae,  which  evidently  has  been  caused  by 
tilting,  can  be  observed  also  in  rather  juvenile  rhabdosomes  from  Europe  and 
Canada,  I  would  now  doubt  the  occurrence  of  any  appreciable,  true  simplification 
that  goes  beyond  the  climacograptid  type  of  thecae.  In  any  case,  the  Victorian 
rhabdosomes  and  recently  discovered  Canadian  specimens  now  under  investigation, 
as  well  as  additional  material  from  Bohemia  and  Germany,  prove  that  at  least  the 
proximal  25-30  thecae  in  M .  aequabilis  are  of  the  climacograptid  type.  This  is  a 
noteworthy  supplement  to  earlier  descriptions  of  this  species. 

Interthecal  septa:  In  contrast  to  almost  all  specimens  of  M.  aequabilis  known 
to  me  from  outside  Australia,  most  Victorian  rhabdosomes  of  this  species  clearly 
exhibit  the  interthecal  septa.  These  make  an  angle  of  30°-40a  with  the  rhabdosome 
axis;  only  in  the  proximal  3  to  4  thecae  where  the  septa  are  very  short  is  the  angle 
of  inclination  considerably  greater — 50°  or  more.  These  measurements  apply  to 
rhabdosomes  forming  an  angle  of  about  45°  with  the  lineation;  specimens  lying  per¬ 
pendicular  to  the  lineation  exhibit  a  greater  angle  of  inclination,  those  lying  parallel 
to  it  a  smaller  one. 

The  septa  of  the  distal  and  median  thecae  from  about  th7  onward  originate 
approximately  at  the  level  of  the  supra-apertural  ridge  of  each  preceding  theca, 
whereas  the  septa  of  the  proximal  thecae  take  their  origin  a  decreasing  distance 
above  the  earlier  theca  until  the  final  stage  is  reached.  Hence,  any  cross-section 
through  the  rhabdosome  will  nowhere  cut  more  than  one  interthecal  septum; 
acordingly  no  overlap  of  septa  occurs. 

The" length  of  the  nearly  straight  median  portion  of  the  interthecal  septa,  i.e. 
the  distance  from  the  up-bent  proximal  portion  to  the  lateral  margin  of  the  thecal 
aperture  attains  about  0  8  mm  in  the  distal  region  of  the  rhabdosome,  whereas  at 
th4  it  is  not  more  than  0-4  mm.  These  measurements  can  be  regarded  as  original, 
as  they  apply  to  rhabdosomes  lying  at  40°-50°  to  the  lineation.  The  respective  figures 
in  specimens  disposed  parallel  to  the  lineation  and  therefore  stretched  are  T2  mm 
or  more,  and  c.  0  7  mm. 

Sicula:  The  sicula  has  the  usual  cone-shape  and  is  directed  ventrally;  its  length 
could  not  be  measured  exactly,  but  is  somewhere  between  1  5  and  2  mm;  in  rhab¬ 
dosomes  parallel  to  the  lineation  it  has  been  elongated  to  more  than  2  mm.  The 
width  of  the  (flattened)  aperture  is  0  35-0-4  mm;  in  a  specimen  lying  almost 
normal  to  the  lineation  the  aperture  has  been  widened  to  0-6-0  7  mm. 

The  dorsal  tongue  is  rather  long  (0-35-0-4  mm)  and  strikingly  incurved  as  is 
the  case  in  M.  uniformis  Pribyl  and"  M.  thomasi  n.sp.  This  character  has  also  been 
observed,  although  rarely,  in  Thuringian  specimens.  However,  the  state  of  pre¬ 
servation  of  most  Thuringian  rhabdosomes  and  all  Bohemian  specimens  investi¬ 
gated  by  the  writer  does  not  allow  precise  comparison  of  this  delicate  structure. 
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Dimensions  of  rhabdosomes  (Table  2)  : 

(i)  Number  of  thecae  in  the  initial  cm:  9-10,  in  the  second  and  third  cm 
about  8.  These  figures  hold  only  for  rhabdosomes  forming  an  angle  of 
40°-50°  with  the  lineation,  i.e.  for  specimens  that  have  not  been  tec¬ 
tonically  elongated  or  shortened,  and  accordingly,  may  be  assumed  to 
have  kept  the  original  thecal  count.  These  measurements  compare  closely 
with  those  found  to  be  normal  in  European  and  Canadian  rhabdosomes. 
The  only  two  Victorian  rhabdosomes  lying  nearly  parallel  to  the  lineation 
have  in  the  initial  cm,  8  thecae,  and  in  the  second  cm,  6f  thecae  (the  latter 
portion  being  preserved  only  in  one  of  the  two  specimens).  The  only 
Victorian  specimen  which  is  disposed  almost  normal  to  the  lineation 
(actually  at  75°  to  it)  has  slightly  more  than  12  thecae  in  the  first  cm.  To 
summarize,  the  thecal  count  in  the  first  cm  of  the  available  Victorian 
rhabdosomes  varies  between  8  and  12;  however,  this  variability  was 
clearly  caused  by  schistosity,  the  mean  of  10  thecae  representing  the 
normal  figure. 

Table  2 

Measurements  of  some  M.  aequabilis  rhabdosomes  from  the  20  Mile  Quarry  locality, 

Yarra  Track,  Victoria 


No. 

P 

L 

thi 

width 

distally 

thecae/cm 

1 

0-10° 

25 

0  8 

(0  6)  —  (1  *2-1-3)* 

8;  6* 

2 

0-10° 

15 

0  85 

(0-6)  —  (12-13)* 

8 

3 

35-40° 

17 

0  9 

(0-7)  —  ? 

9+ 

4 

40-50° 

32 

0  85 

(0  65)—  (1  8-1-9) 

10;  8  +  ;  8  + 

5 

40-50° 

9 

0-85 

(06)  —  ? 

10 

6 

40° 

25 

?  —  (16-18) 

00 

00 

7 

75° 

9 

1-3 

(0-9)  —  ? 

12+ 

£  —  angle  between  the  rhabdosomes  and  the  lineation  (=  direction  of  stretching)  on 
the  bedding  plane.  L  =  length  of  the  rhabdosomes  in  mm;  all  specimens  are  distally 
incomplete.  The  first  figure  giving  the  width  (in  mm)  refers  to  thi  inclusive  of  its 
hood;  the  second  (bracketed)  figure  applies  to  the  width  just  above  the  hood  of  the 
thi.  Thecae/cm  =  number  of  thecae  in  each  succeeding  cm  starting  with  the  initial 
cm  of  the  rhabdosome.  *  =  tilted  rhabdosomes,  the  measurements  of  the  width  in 
these  cases  are  too  low. 

(ii)  Width  of  the  rhabdosome:  0  8-0  9  mm  at  thi  including  its  hood,  0  6-0  7 
mm  above  its  hood.  These  measurements  apply  both  to  rhabdosomes 
nearly  parallel  to  the  lineation  and  those  lying  at  angles  of  up  to  50°  with  it. 
In  the  single  measureable  rhabdosome  lying  almost  normal  to  the  lineation 
thi  is  T3  mm  wide,  including  the  hood  and  0  9  mm  wide  above  the  hood. 
In  the  distal  portion  of  the  only  well  preserved  adult  specimen,  which 
forms  an  angle  of  40°-50°  with  the  lineation  (PI.  41,  fig.  1),  the  width 
amounts  to  1  7-19  mm;  this  figure  is  attained  between  thi0-is,  and  may 
be  regarded  as  normal  for  flattened,  but  tectonically  undisturbed,  rhab¬ 
dosomes.  Specimens  lying  nearly  parallel  to  the  lineation  are  12-1-3  mm 
wide  in  their  distal  part,  but  as  these  graptolitcs  are  tilted,  their  true,  though 
tectonically  reduced,  width  may  be  somewhere  between  the  latter  figure 
and  1-8  mm.  No  rhabdosomes  lying  normal  to  the  lineation  have  their 
distal  parts  preserved,  but  their  width  may  be  calculated  to  be  2  •  5  mm. 
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Comparison:  In  the  present  state  of  knowledge  Monograptus  aequabilis  should 
be  hardly  confused  with  any  other  graptolite.  Harris  &  Thomas’s  (1937)  assignment 
of  the  deformed  Victorian  specimens  to  the  Monograptus  vomerinus  group  was 
done  long  before  M.  aequabilis  and  practically  all  other  post -leintwardinensis 
graptolites,  as  well  as  the  correlation  problems  involved,  were  known.  Hence  this 
earlier  determination  is  entirely  understandable.  The  restriction  of  a  full  grown 
hood  to  the  first  theca  and  its  early  astogenetical  development  is  unique  among 
comparable  monograptids.  Only  Monograptus  micropoma  nannopoma  Jaeger  (1959, 
p.  122  ff.)  from  the  European  Lower  Ludlovian  bears  some  distant  resemblance 
in  its  shape  and  size  of  the  rhabdosome  and  the  general  character  of  the  thecae. 
These,  however,  develop  only  tiny  hoods,  which  are  merely  supra-apertural  ridges, 
and  occur  throughout  the  rhabdosome;  furthermore,  they  grow  only  in  a  very  late 
stage  of  the  astogeny.  Larger  hoods  may  occur  in  the  proximal  thecae  of  adult 
rhabdosomes  in  the  late  Valentian/Wenlockian  Monograptus  vomerinus  group. 
However,  in  these  the  hoods  are  neither  so  conspicuous  nor  confined  to  thx  (2), 
and  the  general  appearance  of  the  rhabdosome  is  very  different,  being  always  dis¬ 
tinctly  recurved  and  pointed  proximally  and  attaining  the  final  width  rather  slowly. 
Moreover,  all  comparable  vomerinus  group  rhabdosomes  reach  far  greater  lengths 
(20-30  cm  and  more).  M.  vomerinus  crenulatus  Tornquist,  to  which  a  number  of 
the  Victorian  rhadosomes  were  provisionally  assigned  is  closer  to  it  than  other 
known  vomerinus  forms,  but,  in  addition  to  differences  listed  above,  it  is  distin¬ 
guished  by  the  greater  number  of  thecae  in  the  proximal  cm,  namely  12-13,  against 
9-10  in  M.  aequabilis. 

Australian  Occurrence:  20  Mile  Quarry,  Yarra  Track,  Victoria  (Harris  & 
Thomas  1947,  p.  45-48,  Fig.  3).  Three  small  rock  specimens  were  available  in 
which  rhabdosomes  of  M.  aequabilis  occur  scattered,  but  frequently,  and  to  the 
exclusion  of  any  other  graptolite  species.  From  Harris  &  Thomas’s  (1937,  p.  72) 
observations  it  can  be  also  concluded  that  M.  aequabilis  occurs  without  other 
associated  graptolites.  This  mode  of  occurrence  is  reminiscent  of  that  in  Thuringia 
and  Canada  where  M.  aequabilis  generally  crowds  bedding  planes  without  being 
associated  with  any  other  graptolite  species.  In  Victoria  M.  aequabilis  occurs  in 
the  Eildon  Beds  in  more  argillaceous  lateral  equivalents  of  the  upper  half  of  the 
predominantly  sandy  Mclvor  formation  of  the  Heathcote  district  to  the  NW.  (Talent 
1965). 

Age:  M.  aequabilis  has  been  recorded  from  the  basal  Lochkovian  (ey)  zone  of 
Monograptus  uniforms  in  Central  Bohemia  (Czechoslovakia),  Thuringia  (Ger¬ 
many),  and  Bulgaria.  In  the  Thuringian  Upper  Graptolitic  Slates,  where  M. 
aequabilis  occurs  frequently  and  where  its  vertical  range  could  be  most  precisely 
determined,  it  is  demonstrably  confined  to  the  lower  and  especially  the  middle  part 
of  the  uniformis  zone.  M.  aequabilis  has  recently  been  recognized  by  the  writer  in 
the  Petit  Portage  member  of  the  Cape  Bon  Ami  formation,  Gaspe  Peninsula,  Quebec. 
Canada  (specimens  collected  by  Dr  L.  M.  Cumming  of  the  Canadian  Geological 
Survey).  In  Gaspe,  M.  aequabilis  is  not  associated  with  other  graptolites,  but  evid¬ 
ence  from  other  fossils  seems  consistent  with  the  view  that  it  occurs  there  at  the 
same  stratigraphical  level  as  in  Europe  (Boucot,  Cumming,  &  Jaeger  1965). 

Since  there  seems  to  be  no  evidence  to  the  contrary,  the  Australian  occurrence 
of  M .  aequabilis  may  also  be  regarded  as  of  basal  Lochkovian  age,  and  accordingly 
correlated  with  the  basal  Gedinnian.  The  discovery  of  M.  aequabilis  in  Victoria 
emphasizes  its  significance  as  a  guide  fossil,  and  indicates  its  world-wide  distribution 
(however,  cf.  reference  earlier  under  ‘Stratigraphical  Implications’). 
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Fig.  1 — Sketches  of  several  uncinate  Monograptus  species,  demonstrating  specific 
features.  All  have  been  drawn  individually,  but  slightly  schematized.  Broken  lines, 
particularly  for  interthecal  septa,  are  conjectural,  i.e.  not  observed  in  the  rhabdosome 
forming  the  basis  for  the  sketch.  All  rhabdosomes  are  more  or  less  flattened,  except 
1  g,  which  is  preserved  in  full  relief;  in  addition,  several  specimens  have  been 
deformed  by  cleavage,  the  direction  of  stretching  being  indicated  by  a  stroke  (letter 
b).  For  further  explanations  see  text. 

a-c  o — M.  ihomasi  n.sp.,  19  Mile  Quarry,  Yarra  Track,  Victoria,  (c)  =  holotype 
(PI.  43),  (a)  -f  (o)  from  the  same  slab  (PI.  42,  fig.  7),  (b)  =  PI.  42,  fig.  2. 
d — M.  aequabilis  (Pribyl),  20  mile  Quarry,  Yarra  Track;  the  specimen  from 
PI.  41,  fig.  1. 

e — M.  cf.  praehercynicus  Jaeger,  Certovy  schody,  Bohemia,  low  in  the  zone  of 
M.  uniformis,  Lochkovian.  G.  504- 1,  Mus.  Pal.  Berlin, 
f — M.  uncinatus  Tullberg,  probably  Dudley,  Welsh  Borderland,  Lower  Ludlow. 

Dean  coll.,  Univ.  Birmingham,  B.U.  713. 
g — M.  uniformis  Pribyl,  Karlik,  Bohemia,  close  to  base  of  uniformis  zone,  Loch¬ 
kovian.  G.  505- 1,  Mus.  Pal.  Berlin. 

h — M.  sp.  aff.  similis  Pribyl.  Boring  Leba  1  (767,  60  m)  Pomerania,  zone  of 
M.  ultimus ,  base  of  Upper  Budnanian  (e/3a).  Zcntr.  Geol.  Inst.  Berlin, 
i — M.  micropoma  (Jaekel),  Grafenwarth,  Thuringia,  Lower  Ludlow,  scanicus 
zone.  G.  441  d,  Mus.  Pal.  Berlin. 

j,  n — M.  praehercynicus  Jaeger,  Ramstal,  Thuringia,  Lochkovian,  praehercynicus 
zone.  G.  65a  (Holotype),  (n)  ibid.  =  G.  51/3,  Mus.  Pal.  Berlin, 
k,  m — M.  hercynicus  Perner,  (k)  Ramstal,  Thuringia,  Lochkovian,  hercynicus  zone. 
G.  1 5P,  Mus.  Pal.  Berlin,  (m)  Grafenwarth,  Thuringia,  G.  410/3,  Mus.  Pal. 
Berlin. 

1 — M.  uniformis  Pribyl,  Lejskov,  Bohemia,  Lochkovian,  uniformis  zone.  G.  337, 
Mus.  Pal.  Berlin. 
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Whether  Willefert’s  (1962)  'Monograptus  aequabilis  nov.  var.’  from  a  deep 
bore  in  the  northern  Algerian  Sahara  belongs  to  this  species  appears  doubtful. 
According  to  Willefert,  the  Algerian  specimens  differ  from  the  true  M.  aequabilis 
in  being  narrower  (15  mm  instead  of  2  mm)  and  having  more  closely  spaced 
thecae  (12-14  proximally  instead  of  9-10)..  Furthermore,  they  occur  in  a  much 
lower  horizon,  namely  the  basal  portion  of  the  Pridoli  stage  (e/J2),  being  associated 
with  the  characteristic  Monograptus  formosus  Boucek.  Unfortunately,  1  feel  unable 
to  judge  the  morphology  of  the  specimens  safely  from  the  single  photograph  given. 

Repository:  Mines  Department  of  Victoria,  Geological  Survey  Museum,  Mel¬ 
bourne,  Victoria,  Australia,  No.  59523-25. 

Monograptus  thomasi  n.sp. 

(PI.  41,  fig.  3-5;  PI.  42,  fig.  2-7;  PI.  43,  fig.  la-c,  o) 

Selected  Synonymy: 

1906  Monograptus  dubius  Suess.  T.  S.  Hall,  Rep.  Grapts.,  p.  267,  Fig.  3.  Further  specimens 
from  other  localities  in  the  Jordan  River  Beds  of  the  Aberfeldy  District,  cited  as  M.  cf. 
dubius,  M.  sp.  and  others  (p.  268-271),  as  well  as  quotations  of  M.  cf.  dubius,  M. 
cf.  crenuhtus,  M.  sp.  ( colon  us  group)  and  others  in  Hall  1907,  p.  140-141,  most  probably 
belong  also  in  this  synonymy. 

1925  M.  dubius  Suess  etc.  Baragwanath,  Aberfeldy  district,  p.  21-22  (only  quotations  of  T.  S. 
Hall’s  determinations  cited  above). 

1933  Monograptus  riccartonensis  Lapworth-Keble,  Middle  Sil.  Land  Plants,  p.  293,  PI. 

1935  Monograptus  uncinatus  var.  orbatus  Wood,  M.  uncinatus  var.  microspora  (Jaekel) 
(clerical  error — recte:  micropoma ),  and  M.  chimaera  (Barrande).  Elies  in  Lang  & 
Cookson,  Vascular  Land  Plants  .  .  .  Monograptus  from  Victoria,  p.  422,  PI.  32,  fig. 

1935  Monograptus  cf.  galaensis  Lapworth.  Thomas  in  Lang  &  Cookson  ut  sup.  (Unpublished 
and  preliminary  identification  by  Thomas,  cited  as  M.  galaensis  in  L.  &  C.). 

1937  Monograptus  uncinatus  var.  orbatus  Wood,  and  M.  uncinatus  var.  micropoma  (Jaekel). 
Harris  &  Thomas,  Viet.  Grapts.  (n.s.),  IV,  p.  69,  73-74,  PI.  2,  fig.  23-25,  27-28,  ?  26, 
?  30;  non  29  (close  to  the  true  M.  uncinatus  Tullberg).  Partly  re-figured  in  Thomas 
1960,  Zonal  Distr.  Austr.  Grapts.,  PI.  13,  fig.  187-188. 

1964  Monograptus  sp.  nov.  (of  the  A/.  hercynicus  type)  forma  A  and  B.  Berry,  M.  hercynicus 
Type  Monograptids  from  Eildon,  p.  9-13,  fig.  la,  b;  PI.  1-2. 

Derivatio  Nominis:  In  honour  of  Dr  D.  E.  Thomas,  the  outstanding  authority 
on  Australian  graptolites. 

Holotype:  The  rhabdosome  indicated  on  PI.  43,  Reg.  No.  58381,  Geological 
Survey  of  Victoria,  Mines  Department,  Melbourne. 

Type  Locality:  19  Mile  Quarry,  Warburton-Wood’s  Point  Rd,  Yarra  Track, 
Victoria  (also  referred  to  as  quarry  situated  about  18±  miles  E.  of  ‘McVeigh’s’,  or 
‘about  17  miles  from  Wood’s  Point’.  For  this  locality  see  Harris  &  Thomas  1937, 
p.  69,  and  1947,  p.  45-49,  Fig.  3. 

Stratum  Typicum:  Wilson’s  Creek  Shale,  late  Lower  to  Upper  Gedinnian  or 
Siegenian  (Middle  Lochkovian). 

Material:  About  100  rhabdosomes  in  various  growth  stages,  buried  in  orig¬ 
inally  black,  grey,  and  also  greenish  banded  argillaceous  and  silty  slates,  sometimes 
partly  or  totally  bleached  by  weathering  to  a  brownish  or  even  white  rock.  Most 
of  the  graptolites  are  flattened,  and  composed  of  an  angularly  fragmented  carbon¬ 
aceous  film,  which  in  the  less  weathered  slates  may  be  covered  by  a  thick  layer  of 
colourless,  green,  or  brownish  bladed  crystals  of  micaceous  habit.  This  mineral  is 
somewhat  reminiscent  of  the  problematical  ‘giimbclit’  so  familiar  to  German  grap- 
tolite  workers;  the  diverse  colours  may  indicate  modifications  due  to  various  stages 


404 


HERMANN  JAEGER 


of  weathering.  Some  graptolites  are  preserved  in  low  relief  as  brown  iron-oxide 
internal  casts;  others  form  tubes  which  are  partly  filled  with  black  carbonaceous 
substance  (at  Eildon). 

All  the  material  was  affected  by  transverse  flow  cleavage.  The  cleavage  planes 
are  generally  not  strongly  developed,  and  indeed  are  often  weakly  developed.  These 
lineations  are  often  rather  indistinct  and  may  not  be  perceived  by  the  untrained 
observer.  In  a  few  cases  two  lineation  systems  intersecting  each  other  on  bedding 
planes  at  30°-50°  appear  to  be  present;  however,  this  impression  may  be  fallacious. 
The  graptolites  have  been  stretched  in  the  direction  of  the  lineation.  In  the  renowned 
19  Mile  Quarry  locality,  for  instance,  rhabdosomes  lying  parallel  to  the  lineation 
have  been  stretched  by  Mo  to  %  of  the  original  dimensions.  Specimens  disposed 
normal  to  the  lineation  at  this  locality  were  correspondingly  shortened.  Changes  in 
the  appearance  of  the  rhabdosomes  are  connected  with  considerable  deformation  of 
the  morphology  of  the  thecae,  as  may  be  clearly  seen  from  the  accompanying 
photographs.  (For  a  detailed  discussion  of  the  effects  of  one  or  more  cleavage 
systems  on  the  morphology  of  graptolites  see  Jaeger  1959,  p.  67-77). 

The  degree  of  deformation  observed  in  the  graptolites  from  the  19  Mile  Quarry 
may  be  regarded  as  similar  to  that  from  some  other  localities  which  have  yielded 
M.  thomasi,  while  other  localities,  owing  to  lack  of  material,  do  not  allow  a 
quantitative  comparison.  The  available  specimens  from  Alexandra,  locality  9,  seem 
to  exhibit  no  notable  elongation  caused  by  cleavage. 

The  amount  of  deformation,  although  small,  is  not  to  be  neglected.  It  may 
escape  detection,  since  rhabdosomes  which  were  more  or  less  tilted  during  burial 
may  appear  appreciably  thinner  than  others,  making  the  same  angle  with  the 
lineation  but  presenting  their  exact  side  view.  Careful  consideration  combined  with 
measurements  of  the  thecal  spacing  will,  no  doubt,  help  to  solve  apparent  con¬ 
tradictions. 

A  special  case  is  observed  in  the  silty  slates  from  Alexandra,  Geological  Survey 
locality  6.  Here  the  cleavage  has  caused  the  bedding  planes  to  be  deformed  into 
rather  rough,  undulating,  wrinkle-like  surfaces.  The  greatest  movement  in  this 
deformation  occurred  in  a  direction  leading  out  of  the  bedding  planes  (direction  (a) 
of  petrofabrics),  while  the  displacement  parallel  to  the  lineation  (b)  was  less 
significant.  As  a  result,  all  rhabdosomes  from  this  locality  exhibit  a  greater  number 
of  thecae  in  1  cm  than  they  would  show  in  the  undeformed  state,  regardless  of  their 
position  relative  to  the  lineation.  The  thecal  count  in  this  case  depends  largely  on 
the  magnitude  of  crenulation  shown  by  the  bedding  planes. 

Diagnosis:  Rhabdosome  medium-sized,  straight,  with  stretched  proximal  por¬ 
tion  and  slightly  reclined  proximal  extremity.  Thecae  of  uncinatus  type,  with  hoods 
decreasing  in  size  from  proximal  to  distal  end;  first  few  thecae  with  tendency  towards 
isolation.  Sicula  with  relatively  long  (0  3  mm),  strongly  incurved  dorsal  tongue. 
Dimensions  for  flattened,  but  tectonically  not  deformed  adult  rhabdosomes:  Length: 
20-50  mm,  commonly  20-30  mm.  Width:  1  mm  at  tht  across  its  hood,  i  mm  just 
above  the  hood  of  thx;  maximum  width  attained  at  th10  (±  2):  1-8-2  0  mm 
(1*3-1  6  mm  without  hoods);  number  of  thecae  in  1  cm:  9-10,  practically  constant 
throughout  the  rhabdosome. 

Description: 

Morphology  of  rhabdosome  and  thecae:  Rhabdosome  straight,  but  with  gentle 
ventral  curvature  of  the  dorsal  side  behind  the  initial  5  to  10  thecae.  At  the  proximal 
end,  in  the  range  of  the  sicula,  i.e.  behind  thx  (2),  the  dorsal  side  of  the  rhabdosome 
is  distinctly  reclined.  This  reflexion  is  obviously  due  to  the  presence  of  the  sicula, 
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which  appears  to  be  affixed  externally,  its  inner  wall  usually  more  or  less  con¬ 
tinuing  the  general  line  of  the  dorsal  rhabdosome  margin.  The  ventral  side  of  the 
rhabdosome,  i.e.  the  front,  formed  by  the  tips  of  the  thecal  hoods,  is  a  straight 
line  along  the  total  rhabdosome  length,  neither  taking  part  in  the  proximal  incurving 
of  the  dorsal  rhabdosome  margin  nor  in  the  recurving  of  the  proximal  end. 
Deviations  from  the  described  rhabdosome  shape  can  be  easily  attributed  to  dis¬ 
tortions  during  burial,  or  more  commonly  to  deformation  thereafter.  In  more 
strongly  cleaved  rocks  even  moderately  sickle-shaped  or  irregularly  bent  rhab- 
dosomes  may  have  resulted  (e.g.  at  Alexandra,  locality  6). 

The  character  of  the  distal  end  may  be  seen  from  the  illustrations,  especially 
PI.  43.  The  virgula  can  be  traced  10  mm  or  more  beyond  the  rhabdosome  extremity. 

The  thecae  are  uniform,  of  uncinatus  type;  the  hoods,  after  an  initial  increase 
in  size  from  thx  to  the  th4_7,  gradually  decrease  in  magnitude  from  the  proximal 
to  the  distal  portion  of  the  rhabdosome.  Hence  the  thecae  appear  hooked  especially 
at  the  proximal  end,  say  up  to  th5_s,  where  the  hoods  attain  their  greatest  length 
extending  down  below  the  level  of  the  ventral  and  lateral  margins  of  the  thecal 
aperture,  thus  completely  hiding  and  enveloping  them.  In  the  median  and  distal 
rhabdosome  portion,  namely  from  th«_Xo  onward  (this  interval  depending  on  the 
effects  of  cleavage  rather  than  on  original  morphology),  the  hoods  are  such  short 
and  laterally  less  arched  shield-like  structures,  that  the  lateral  and  ventral  margins 
of  the  thecal  apertures  can  be  seen  in  side  view;  even  close  to  the  distal  rhab¬ 
dosome  end  the  hoods  project  a  bit  in  front  of  the  ventral  thecal  walls.  The  adult 
minimum  size  of  the  hoods  is  attained  at  th12_i5,  and  remains  constant  until  the 
distal  extremity  of  the  rhabdosome.  In  the  usual  state  of  preservation  the  hoods 
offer  to  the  observer  only  a  longitudinal  section,  and  may  simulate  a  spine,  i.e.  a 
paired  structure  in  contrast  to  the  unpaired  hood.  This  may  explain  earlier  confusion 
of  this  species  with  M.  chimaera . 

Height  of  the  hoods,  i.e.  the  vertical  distance  from  the  proximal  (lower)  to 
the  distal  (upper)  extremity  of  the  hoods  (terms  proximal  and  distal  here  used 
relative  to  the  orientation  of  the  rhabdosome):  at  thx  =  0  4-0*5  mm;  at  th4_7 
(maximum  height)  =  0  55-0  65  mm;  distally  0-25-0-35.  These  are  mean  values, 
the  actual  dimensions  varying  more  strongly  owing  to  the  effects  of  cleavage.  For 
instance,  the  maximum  heighffor  hoods  of  proximal  thecae,  observed  in  tectonically 
elongated  specimens,  may  attain  more  than  0  8  mm. 

The  figures  for  the  horizontal  projection  of  the  hoods  may  be  calculated  from 
Table  2,  where  the  widths  of  representative  rhabdosomes  have  been  listed. 

The  apertural  margins  of  the  thecae  are  thickened  and  consequently  form  an 
externally  projecting  lip  surrounding  the  apertures  on  the  ventral  and  lateral  sides. 
The  free  ventral  walls  stand  vertical,  except  in  thj,  i.e.  parallel  to  the  axis  of  the 
rhabdosome,  if  viewed  precisely  from  the  side.  Inclinations  of  the  free  ventral  walls 
have  been  affected  by  tilting  during  burial  and  subsequent  crushing,  and/or  by 
cleavage. 

The  specific  feature  of  M.  thomasi  is  the  distinct  stretching  and  thinning  in  the 
proximal  part  of  the  rhabdosome,  giving  it  a  somewhat  stalked  appearance.  This 
elongation  affects  the  first  3-5  thecae,  the  elongation  diminishing  distally.  Conse¬ 
quently,  these  are  set  farther  apart  from  one  another  than  the  immediately  suc¬ 
ceeding  thecae.  Moreover,  the  initial  thecae  show  a  tendency  towards  isolation,  which 
is  more  strongly  and  most  strikingly  pronounced  in  thx.  The  step  from  the  hood 
of  th4  to  that  in  th2  may  therefore  appear  especially  wide.  As  a  further  consequence 
of  the  proximal  stretching,  the  number  of  thecae  in  the  initial  cm  of  the  rhabdosome 
is  less  than  in  the  succeeding  distances. 
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As  a  result  of  schistosity,  the  proximal  ‘stalk’  may  have  been  elongated  and 
thus  exaggerated  in  rhabdosomes  lying  parallel  to  the  lineation,  whereas  in  speci¬ 
mens  being  disposed  normal  to  the  lineation,  the  ‘stalk’  may  have  become  entirely 
obliterated  (comp,  plates  and  chapter  ‘comparison’). 

Structurally,  the  hoods  are  both  the  distal  and  external  extremities  of  the  dorsal 
thecal  walls  or,  in  other  words,  the  outward  and  direct  continuations  of  the  inter- 
thecal  septa.  This  can  be  most  clearly  seen  in  very  juvenile  rhabdosomes,  particuarly 
those  having  only  one  theca;  the  latter  have  the  hood  practically  completed  before 
th2  begins  to  grow.  In  the  investigated  material  there  are  three  such  1-th-rhab- 
dosomes,  two  of  them  very  complete,  from  Alexandra,  locality  5  (Cat.  No. 
M  32548A).  Unfortunately,  they  are  so  delicate,  that  they  could  not  be  success¬ 
fully  photographed.  (For  comparison,  sketches  of  1 -th-rhabdosomes  from  M. 
hercynicus  and  praehercynicus  have  been  included  as  Fig.  1  m,  n).  In  longer 
rhabdosomes  the  growth  of  the  individual  hoods  seems  to  be  slightly  delayed.  But 
as  can  be  seen,  e.g.  on  PI.  43  (left  rhabdosome  with  long-projecting  virgula),  even 
the  second  last  theca  possesses  already  a  rather  large,  though  possibly  not  yet 
completed  hood.  (Since  the  periderm  in  the  last-formed,  still  growing  portions  of 
every  rhabdosome  is  very  thin — all  graptolites  exhibit  secondary  thickening  of  the 
periderm — the  extremity  of  this  hood  may  have  been  destroyed.) 

These  observations  indicate  that  the  astogeny  of  M.  thomasi  agrees  well  with 
that  in  M.  hercynicus ,  M.  praehercynicus ,  and  M.  uniformis  (Jaeger  1959).  The 
hoods  of  these  four  species,  consequently,  are  most  closely  homologous.  Although 
no  growth  lines  could  be  detected  in  any  rhabdosome  of  M.  thomasi ,  its  thecal 
hoods  should,  according  to  these  observations,  be  composed  of  broad,  normal 
growth  bands  (fuselli).  (They  can  be  seen  in  some  undescribed  specimens  of  M. 
hercynicus ,  M.  cf.  praehercynicus ,  and  M.  uniformis ,  which  I  have  dissolved  out 
of  rock.) 

Interthecal  septa:  These  can  be  easily  traced  in  many  of  the  rhabdosomes  from 
the  19  Mile  Quarry  locality  and  from  Alexandra,  while  in  many  others  from  the 
same  and  other  localities  the  interthecal  septa  are  obscure.  In  thi  the  interthecal 
septum  is  shortest,  its  straight  portion  attaining  a  length  of  hardly  i  mm,  and 
making  an  angle  of  about  60°-70°  with  the  rhabdosome  axis.  Through  the  suc¬ 
ceeding  thecae  the  septa  become  progressively  more  erect  and  more  elongate  (cf. 
PI.  42,  fig.  4)  until  the  adult  stage  is  reached  at  thc_8>  where  the  length  of  the 
septum  amounts  to  1  mm  it  0-2;  they  then  make  an  angle  of  30°-40°  with  the 
virgula,  the  measured  variability  being  largely  due  to  tectonic  deformation  and 
tilting  of  the  rhabdosomes  during  deposition. 

Each  of  the  interthecal  septa  from  th2  to  thc_7  originates  a  decreasing  distance 
above  the  hood  of  the  preceding  theca,  but  the  beginning  of  the  septa  in  all 
following  thecae  up  to  the  distal  end  lies  constantly  at  the  level  just  touching  or 
slightly  cutting  the  apertural  hood  of  the  immediately  older  theca.  Hence,  a  cross- 
section  through  the  rhabdosome  would  nowhere  hit  more  than  one  interthecal 
septum,  accordingly  no  overlap  of  septa  will  be  observed. 

Sicula:  It  has  the  usual  cone-shape  throughout  its  length,  amounting  to 
16-1  1  mm  ±  01  mm.  Any  notable  cylindrical  portion,  typical  of  the  apertural 
region  in  many  species  of  the  uncinatus  group  and  others,  is  lacking.  The  apex 
extends  up  half-way  between  the  hoods  of  thi  and  th2.  The  aperture  is  concave, 
035  mm  wide  (less  than  0  3  mm,  if  tectonically  elongated,  or  up  to  0  5  mm  if 
widened).  The  dorsal  tongue  is  rather  long  (more  or  less  0  3  mm),  and  strikingly 
inverted.  The  virgella  attains  about  0  5  mm  in  length.  One  or  two  thickening 
rings  (‘Stillstandsgiirtel’  of  Kraft)  have  been  observed  in  a  number  of  siculae. 
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Table  3 

Measurements  of  M.  thomasi  rhabdosomes 

Starred  examples  are  tilted  distally,  resulting  in  too  low  values  for  the  adult  width. 
(For  further  explanation  see  Table  2;  see  also  paragraph  under  ‘material’) 


No. 

P 

L 

thi 

width 

distally 

thecae /cm 

locality 

1 

0-10° 

21 

0-75(0-4) 

_ 

( 1  •  3 — 1-5) (1 -0—1  - 1 ) 

8;  8 

19  Mile  Quarry 

2 

10-20° 

29 

0-85(0-4) 

— 

(1-4-1  6) ( 1  1-1  2) 

84;  84;  8 

3 

30-40° 

22 

1  0(0  5) 

— 

(1  8-1-9) ( 1-3-14) 

9;  9 

4 

45-55° 

24 

1  0(0  5) 

— 

(1  9-2-lMl  6) 

9*;  9i 

holotype  „ 

5 

55-65° 

25 

1-1(0  65) 

— 

(20)(15) 

10i;  9 

19  Mile  Quarry 

6 

80-90° 

19 

1 -3(0-8) 

— 

(2-0) ( 1 • 5 ) 

1H 

»* 

7 

45° 

22 

0-9(0-4) 

— 

( 1 -6-1 -7) ( 1 -3-1 -4) * 

9i;  9i 

Alexandra,  loc.  5 

8 

0° 

21 

0-85(0  5) 

— 

(1*6-1  -7) (1-3-1 -4) 

9;  9 

„  loc.  9 

9 

20-40° 

12 

0  8(0-4) 

— 

(13-1  -4) (10) 

13 

„  loc.  6 

10 

70-80° 

13 

0  8(0-5) 

— 

( 1 -4-1 -5) ( 1 • 1-1-2) 

13 

»» 

11 

70-80° 

16 

1-0(0  65) 

— 

(1  4-1  5)(1  1) 

11 

12 

0-10° 

12 

0  8(0-4) 

— 

(1  2-l-3)(l-0) 

8 

Mt  Sugarloaf,  Eildon 

13 

40-45° 

19 

0  9(0  6) 

— 

(1  7-1  8)(1  2-1  3)* 

10 

14 

o 

»/-> 

OO 

12 

1-3(10) 

— 

(2-4—2-5) (2  0) 

12i 

>»  >> 

Comparison:  M .  thomasi  most  closely  resembles  M.  praehercynicus  Jaeger  in 
shape  and  size  of  the  rhabdosome  as  well  as  in  the  morphology,  structure,  and 
development  of  the  thecae.  However,  it  differs  from  M.  praehercynicus  in  (1)  the 
thin,  stalk-like  habit  of  the  proximal  portion  of  the  rhabdosome;  (2)  the  tendency 
towards  isolation  of  the  first  3-5  thecae  resulting  in  an  especially  strong  projection 
of  thi;  (3)  the  constant  number  of  thecae  in  1  cm  throughout  the  rhabdosome,  a 
phenomenon  that  is  unique  among  species  of  the  uncinatus  group,  showing  in  this 
character  always  a  striking  difference  between  the  initial  cm  and  all  following; 
(4)  the  relatively  long  (0  3  mm),  ventrally  bent  dorsal  tongue  of  the  sicula, 
rendering  its  aperture  rather  disproportionate. 

M.  praehercynicus ,  on  the  contrary,  lacks  the  stretching  in  the  proximal  rhab¬ 
dosome  portion  and  all  features  involved,  being  rather  robust  and  thick  also  between 
the  hoods  of  the  proximal  thecae.  Hence,  the  rhabdosomes  of  M.  praehercynicus 
appear  to  be  more  harmoniously  shaped.  The  width  between  the  hoods  of  thi  and 
th2  in  the  flattened,  but  tectonically  undeformed  rhabdosomes,  amounts  to  0-7-0  -8 
mm  or  even  more,  against  0-5  mm  in  M.  thomasi.  The  hoods  are  less  projecting. 
The  number  of  thecae  in  the  initial  cm  is  10  it  i,  but  only  about  8i  in  the  suc¬ 
ceeding  stretches.  The  dorsal  tongue  of  the  sicula  is  slightly  shorter  (0  2  mm)  and 
less  incurved,  thus  rendering  the  sicula  more  graceful. 

The  differences  between  M.  thomasi  and  M.  praehercynicus  can  become  largely 
obliterated  by  cleavage.  If  lying  on  the  bedding  plane  at  right  angle  relative  to  the 
direction  of  stretching,  the  resulting  shortening  and  widening  of  the  thomasi  rhab¬ 
dosome  may  lead  to  the  complete  reduction  of  the  characteristic  proximal  ‘stalk’, 
and  instead  may  produce  a  distinct  praehercynicus  appearance  (see  particularly 
PI.  42,  fig.  2,  and  Fig.  lb).  Such  were  the  first  few  complete  ‘ praehercynicus ’ 
rhabdosomes  of  M.  thomasi  which  I  came  across  and  which  misled  me  almost  to  the 
conviction  that  they  might  be  true  praehercynicus.  Even  simple  effects  of  burial  may 
obscure  differences. 

For  a  detailed  and  richly  illustrated  description  of  M.  praehercynicus  the  reader 
is  referred  to  Jaeger  (1959).  Only  one  notable  amendment  to  the  morphology  of 
this  species  can  now  be  added  to  that  earlier  discussion,  namely  data  on  the 
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course  of  the  interthecal  septa.  This  point  had  to  be  left  open  in  the  original 
descriptions,  although  I  was  inclined  to  believe  that  the  condition  observed  in 
M.  uniformis  might  also  obtain  for  M.  praehercynicus.  However,  a  number  of 
suitable  rhabdosomes  of  M.  praehercynicus ,  both  from  Thuringia  and  Bohemia, 
have  shown  me  that  M .  uniformis  and  M.  praehercynicus  differ  markedly  from  one 
another  in  this  respect  (see  Fig.  1  j,  g,  1). 

In  the  proximal  portion,  say  until  th7_8,  the  course  of  the  interthecal  septa  still 
agrees  in  both  forms;  departing  from  an  almost  horizontal  and  accordingly  very 
short  septum  in  thi_2,  the  succeeding  septa  become  gradually  more  erect  and 
longer,  setting  in  progressively  deeper,  until  in  th7_8  the  septum  takes  its  origin  in 
a  level  just  touching  or  crossing  the  apertural  hood  of  the  preceding  theca.  While 
in  praehercynicus  this  stage  becomes  the  characteristic  one,  being  retained  from 
th7_s  until  the  very  end  of  adult  rhabdosomes,  in  uniformis  the  initial  mode  of 
progressive  erection  and  prolongation  of  the  interthecal  septa  continues  for  some 
distance.  Therefore,  distally  from  th7_8  the  interthecal  septa  increasingly  overlap, 
i.e.  the  thecae  undergo  a  progressive  imbrication.  At  thir>_20  the  beginning  of  the 
interthecal  septum  lies  in  the  level  of  the  hood  of  the  second  preceding  theca.  Further 
distally,  the  starting  point  of  the  interthecal  septa  in  some  rhabdosomes  is  still  being 
somewhat  advanced,  however,  not  much  below  a  level  running  through  the  ventral 
margin  of  the  aperture  of  the  second  preceding  theca.  Consequently,  a  cross-section 
through  a  rhabdosome  of  M.  uniformis  will  cut  none  or  only  one  interthecal  septum 
in  the  area  between  thi_7(8),  one  to  two  between  th7(8)_2o  and  two  or  even  three 
beyond  th2o,  whereas  in  M.  praehercynicus  a  cross-section  will  cut  nowhere  more 
than  one  interthecal  septum,  except  in  the  apertural  regions.  Among  the  hundreds 
of  rhabdosomes,  collected  at  different  levels  in  the  uniformis-zonc ,  and  in  which 
these  features  were  studied,  slight  variations  and  irregularities  have  been  observed. 
Thus,  in  the  distal  rhabdosome  portion,  the  interthecal  septa,  even  of  adjacent  thecaej 
may  set  in  at  levels  slightly  above  or  just  touching  the  hood  of  the  second  preceding 
theca  or  crossing  the  thecal  apertures  at  different  heights. 

Unfortunately,  only  a  few  certain  praehercynicus  rhabdosomes  are  available,  in 
which  the  interthecal  septa  can  be  traced.  Since,  in  1959,  I  gave  reasons  for 
regarding  M.  uniformis-M .  praehercynicus-M .  hercynicus  as  forming  an  ascending 
lineage,  transitions  between  both  types  of  interthecal  septa  fabric  would  be  expected. 
Indeed,  rhabdosomes  of  M.  hercynicus  from  the  Serafshan  Mountains  (Tienshan* 
Central  Asia),  presented  to  me  by  Professor  Obut  (Novosibirsk),  suggest  that  the 
contrast  between  the  two  types  is  only  quantitative,  but  none  in  principle.  In  one 
available  distal  fragment  of  a  hercynicus  rhabdosome,  of  unknown  but  probably 
great  length,  the  interthecal  septa  set  in  half-way  between  the  preceding  and  second 
preceding  theca  (a  degree  of  overlap,  corresponding  to  the  final  uniformis  type 
imbrication  of  thecae,  believed  to  occur  in  M.  hercynicus  (Jaeger  1959,  p.  89), 
but  since  proved  to  be  erroneous,  an  artefact  of  superposition.  As  can  be  observed 
in  hercynicus  specimens  of  known  length,  in  the  rhabdosome  portion  between 
thoo-3o>  the  beginnings  of  the  interthecal  septa  lie  at  a  level  crossing  the  apertural 
region  of  the  preceding  theca,  while  at  the  proximal  end  conditions  are  the  same 
as  in  the  proximal  region  of  uniformis  and  praehercynicus.  Hence,  a  progressive, 
though  not  necessarily  steady,  delay  in  the  formation  of  the  imbrication  type  of 
theca  may  have  taken  place  during  the  phylogeny  of  the  uniformis-praehercynicus- 
hercynicus  lineage  and  caused  the  observed  considerable  differences  in  structure. 

As  illustrated  in  Fig.  1,  the  imbrication  structure  of  thecae,  so  typical  of 
M.  uniformis ,  seems  to  be  an  exception  among  the  uncinate  Monograptus  species, 
all  others  corresponding  to  the  type  exemplified  by  M.  praehercynicus.  In  addition 
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to  the  sketched  species  can  be  mentioned  M.  perneri,  M.  bouceki ,  and  the  true 
M.  similis — all  from  the  Upper  Budnanian  (e/?2).  (In  M.  hemiodon  and  M.  ram- 
stalensis  from  the  German  Upper  Graptolitic  Slates  the  interthecal  septa  have  not 
yet  been  observed.)  There  is  in  this  group  only  M.  angustidens  Pribyl,  which  also 
possesses  the  imbrication  structure;  that  species  requires  further  study;  however, 
many  rhabdosomes  originally  referred  to  angustidens  are  in  my  opinion  true 
M.  uniformis ,  whereas  others  are  distinct,  but  might  at  least  in  part  be  regarded  as 
a  small  sub-species  of  uniformis.  The  imbrication  structure  of  thecae  is  well  known, 
of  course,  from  a  number  of  species  belonging  to  other  Monograptus  groups,  e.g. 
M.  roemeri ,  M.  leptotheca. 

M.  thomasi  also  compares  closely  with  M.  bercynicus  in  the  general  habit  and 
size  of  the  rhabdosome,  and  in  the  character  of  the  thecae,  including  the  decrease 
of  the  hoods  in  the  median  and  distal  parts  of  the  rhabdosome;  but  the  two  are 
separated  by  the  character  of  the  proximal  end,  particularly  by  the  peculiar  shape 
of  the  sicula  in  bercynicus  (Fig.  1  k,  m).  In  cleaved  rocks  these  features  may  be 
largely  effaced.  It  may  be  noted  that  the  bercynicus  rhabdosomes  from  Central  Asia 
and  Nevada  are  considerably  wider  than  the  European  and  North  African  speci¬ 
mens,  attaining  the  width  of  M.  uniformis.  It  could  perhaps  be  regarded  as  a 
geographical  subspecies,  even  more,  and  is  above  all  sharply  distinguished  by  the 
imbrication  structure  of  its  median  and  distal  thecae  (see  discussion  under  the 
heading  M.  praehercynicus) .  It  must  be  stressed  again,  however,  that  the  inter¬ 
thecal  septa  are  indistinguishable  in  many  specimens. 

M.  hemiodon  Jaeger  (not  re-figured  in  this  paper)  from  the  basal  part  of  the 
bercynicus  zone  in  Germany,  shows  a  slight  tendency  towards  thinning  of  the 
proximal  end,  but  attains  a  somewhat  greater  thickness  than  M.  thomasi  and,  above 
all,  lacks  the  hoods  in  the  distal  portion  of  the  rhabdosome. 

’  M.  kayseri  Perner  (also  not  re-figured),  occurring  in  the  uppermost  part  of 
the  bercynicus  zone  and  perhaps  even  immediately  above,  is  more  or  less  concave 
throughout  its  length;  it  lacks  also  the  stalk-like  thinning  in  the  proximal  portion. 
(A/,  belketaiefensis  Planchon  (1964)  founded  on  a  few  short  (1  cm  in  length) 
and  therefore  possibly  juvenile  rhabdosomes,  may  be  conspecific  with  M.  kayseri , 
for  in  M.  kayseri  the  characteristic  dorsal  concavity  of  the  rhabdosome  often  be¬ 
comes  distinct  only  after  the  initial  cm). 

M.  similis  Pribyl  (typical  form)  from  the  ultimus  zone  (basal  e/?2)  in  Bohemia, 
a  species  which  is  still  insufficiently  known,  approaches  M.  thomasi  in  the  habit 
and  size  of  the  rhabdosome  as  well  as  in  the  distal  diminution  of  the  hoods,  but 
differs  markedly  (1)  in  having  the  thecae  more  densely  spaced  (12-13  or  more  in 
the  initial  cm,  against  9-10  in  M.  thomasi ),  in  lacking  (2)  a  dorsal  reflexion  of 
the  proximal  end  and  (3)  a  stalk-like  thinning.  There  are  other  forms  (Fig.  lh) 
belonging  to  this  group,  or  which  are  at  least  of  the  same  age  as  the  typical  M. 
similis ;  these  have  a  comparable  thecal  count  to  M.  thomasi ,  but  are  readily 
distinguished  by  being  thinner  and  having  unusually  long  hoods,  the  size  of  which 
remains  constant  throughout  the  rhabdosome. 

M.  uncinatus  Tullberg  from  the  Lower  Ludlovian  nilssoni  zone  (I  cannot 
discriminate  the  variety  orbatus  Wood)  with  which  M.  thomasi  has  so  often  been 
compared,  is  separated  chiefly  by  the  following:  (1)  the  hoods  are  of  almost 
constant  large  size  along  the  total  rhabdosome  length  (this  most  significant  differ¬ 
ence  was  already  noted  by  Harris  &  Thomas  (1937,  p.  74),  and  had  led  them  to 
a  reserved  assignment  of  the  Victorian  specimens  to  M.  uncinatus );  (2)  the  thecae 
are  set  more  closely  (12-13  in  the  first  cm,  against  9-10  in  thomasi );  (3)  there 
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is  no  tendency  towards  stalk-like  thinning  of  the  proximal  rhabdosome  portion  and 
accompanying  isolation  of  thecae. 

Nf.  micropoma  from  the  Lower  Ludlovian  nilsonni  and  scanicus  zones  (mainly 
in  the  lower  part)  owing  to  the  special  development  and  structure  of  its  hoods 
cannot  be  regarded  as  a  mere  variety  or  subspecies  of  M.  uncinatus ,  but  is  a  species 
of  its  own.  It  remains  a  bit  weaker,  somewhat  thinner  than  M.  thomasi  (maximum 
width  for  flattened  rhabdosomes  1  6-1*7  mm,  and  1*2-1  *3  mm  excluding  hoods), 
lacks  the  proximal  stalk-like  thinning  and  the  isolation  tendency  of  the  early  thecae 
and,  above  all,  differs  in  the  development  and  microstructure  of  the  hoods.  These 
are  not  homologous  with  the  hoods  of  all  the  other  uncinate  Monogrciptus  species 
discussed  in  this  paper,  they  are  not  the  distal  extremities  of  the  dorsal  thecal  walls 
(=  interthecal  septa),  but  are  new  independent  elements  formed  in  a  late  phase  of 
the  astogeny. 

M.  riccartonensis  (Lower  Wenlock)  (not  re-figured  here),  with  which  species 
of  the  hercynicus  group  are  at  present  being  confused  all  over  the  globe,  differs 
distinctly  in  habit.  The  rhabdosome  is  long  (reaching  10  cm  or  more)  and  slender, 
the  proximal  end  is  strongly  recurved  (affecting  also  the  front  of  the  initial  2-5  or 
more  thecae);  the  hoods  of  at  least  the  proximal  thecae  bear  lateral  spines. 

Occurrence:  Up  to  the  present,  M.  thomasi  n.sp.  is  only  known  from  Victoria, 
where  it  is  widespread.  It  occurs  at  many  localities  in  central  and  east-central 
Victoria,  arranged  in  the  shape  of  an  inverted  ‘L’,  and  running  from  Seymour  via 
the  Yea-Moles  worth  district  through  the  belts  of  graptolitic  slates  flanking  the 
Walhalla  synclinorium  in  the  west,  from  the  Eildon  dam  southward  to  the  lower 
course  of  the  Thomson  R.,  i.e.  extending  over  a  distance  of  about  150  kilometres. 
Specimens  from  the  following  localities  were  available:  Seymour,  Marshalling 
Yards;  Seymour  East,  Sanitary  Gully;  Alexandra,  localities  5,  6,  9,  and  Killing- 
worth,  locality  13  of  Harris  &  Thomas  (1941,  p.  302-304);  Wilson’s  Creek  Shale, 
Mt  Sugarloaf,  Eildon  (Thomas  1947);  19  Mile  Quarry  (Yarra  Track)  (cf.  para¬ 
graph  ‘type  locality’);  Thomson  R.  near  Cole’s  hut,  i.e.  two  miles  below  Jordan 
R.  junction  (cf.  Baragwanath  1925,  p.  21). 

Stratigraphically,  the  occurrence  of  M.  thomasi  is  confined  to  the  Wilson’s 
Creek  Shale  and  its  equivalents,  which  according  to  Talent  (1965)  is  regarded  as 
the  eastern  lateral  equivalent  of  a  substantial  part  of  the  coarser  grained  Mt  Ida 
formation  of  the  Heathcote  district.  M.  thomasi  characterizes  the  uppermost  grap- 
tolite  zone  so  far  known  in  Australia.  The  species  may  range  through  6,000  ft  of 
strata  in  the  Seymour  district  (N.  W.  Schleiger  pers.  comm.)  and  1,500-2,000  ft 
at  Eildon  (D.  E.  Thomas  pers.  comm.),  often  abundantly  covering  individual 
bedding  planes.  It  occurs  to  the  exclusion  of  other  graptolites,  the  only  common 
associates  being  the  plant  Baragwanathia,  and  sometimes  shelly  fossils. 

Age:  Since  M.  thomasi  makes  its  appearance  1,500  ft  above  the  horizon  which 
yielded  the  basal  Lochkovian  (ey)  (=  basal  Gedinnian)  M.  aequabilis,  and  dis¬ 
appears  3,500  ft  below  the  earliest  small  tentaculites  (Nowakia  acuaria,  N.  inter¬ 
media ?),  which  from  Central  Europe  to  North  Africa  first  appear  in  the  Mono- 
graptus  hercynicus  zone,  the  M.  thomasi  horizon  is  tentatively  correlated  with  some 
part  of  the  middle  Lochkovian  (ey),  roughly  corresponding  to  the  praehercynicus 
zone.  In  terms  of  the  Rhenish  area  the  M.  thomasi  zone  would  cover  a  still  undeter¬ 
mined  portion  of  the  interval  between  late  Lower  Gedinnian  and  Early  Siegenian. 
This  correlation  agrees  well  with  present  evidence  from  shelly  fossils,  as  demon¬ 
strated  by  Talent  (1965).  If  this  correlation  of  the  M.  thomasi  zone  is  correct, 
M.  thomasi  would  be  a  vicarious  species  of  M.  praehercynicus ,  suggesting  provincial 
differences  between  the  European/North  African  and  Australian  Early  Devonian 
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graptolite  faunas.  However,  a  somewhat  different  approach  appears  to  be  also 
possible.  Because  of  its  stretched  proximal  portion,  M.  thomasi  can  be  considered 
as  further  developed  than  M.  praehercynicus,  and  therefore  could  well  be  younger. 
This  suspicion  is  corroborated  by  its  provenance.  Despite  its  frequent  occurrence 
through  an  enormous  thickness  of  strata  no  other  graptolite  species  have  been 
found  in  association  with  it.  This  contrasts  with  the  occurrence  of  M.  praeher¬ 
cynicus ,  being  usually  associated  with  several  other  species.  A  possible  explanation 
of  this  phenomenon  could  be  that  the  M.  thomasi  zone  occupies  a  still  higher 
position  in  the  graptolitic  sequence  than  has  been  suggested  in  the  preceding 
paragraph. 

Repository:  The  bulk  of  the  material  from  all  mentioned  localities,  including 
the  type-specimen,  is  housed  with  the  Mines  Dept  of  Victoria,  Melbourne.  A  few 
samples  are  in  the  possession  of  some  European  museums,  listed  under  ‘acknow¬ 
ledgements’.  Some  further  specimens  are  in  the  writer’s  collection. 
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Explanation  of  Plates 

All  figured  graptolites  are  more  or  less  flattened  and,  in  addition,  are  deformed  by  one 
system  of  transverse  flow  cleavages.  The  black  or  white  stroke  or  arrow  beside  the  figures 
indicates  the  direction  of  the  tectonic  stretching  of  the  graptolites  (=  lmeation  =  intersection 
of  cleavage  and  bedding  planes).  All  figures  are  unretouched. 

Specimens  from  Eildon  are  not  figured,  as  these  have  been  well  illustrated  by  Berry 
(1964a). 

All  numbers  prefixed  by  ‘M’  refer  to  catalogue  numbers  in  the  Mines  Department  of 
Victoria,  Geological  Survey  and  Museum,  Melbourne. 

Plate  41 

Fig.  1-2 —Monograptus  aequabilis  (Pribyl).  (1)  X  5,  (2)  X  10;  (2)  is  counterpart  of  the 
proximal  part  of  (1).  The  characteristic  large  hood  of  thi  is  well  seen,  especially 
in  (2).  Note  the  progressive  diminution  of  the  hoods  in  the  succeeding  thecae  until 
they  form  only  supra-apertural  ridges.  Obliqueness  of  the  thecal  apertures  and  free 
ventral  walls  is  caused  by  cleavage.  Note  the  interthecal  septa  and  in  (2)  the  long, 
forward  bent  dorsal  tongue  of  the  sicula.  Locality:  20  Mile  Quarry,  Yarra  Track. 
Eildon  Beds,  Basal  Lochkovian  (e7)  =  Lower  Gedinnian,  zone  of  Monograptus 
uniformis.  M  59523. 
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Fig.  3-5 — Monograptus  thomasi  n.sp.  (3  +  4)  X  5,  enlarged  rhabdosomes  from  the  same 
bedding  plane  as  illustrated  on  PI.  42,  fig.  7.  Note:  siculae;  decreasing  size  of  thecal 
hoods  towards  the  distal  end;  more  projecting  hoods  in  the  proximal  thecae,  espec¬ 
ially  in  thi;  stronger  projection  of  thi  in  fig.  3  increased  by  cleavage,  but  slightly 
decreased  in  rhabdosomes  of  fig.  4  (almost  parallel  to  the  lineation);  stalk-like 
proximal  rhabdosome  portion — more  pronounced  by  tectonical  stretching  in  fig.  4, 
almost  obscured  in  fig.  3.  Locality:  19  Mile  Quarry,  Yarra  Track.  Wilson’s  Creek 
Shale,  Lochkovian,  zone  of  M.  thomasi.  M  58381.  (5)  X  3,  not  so  much  flattened 
as  the  rhabdosomes  from  the  19  Mile  Quarry  locality;  slight  bending  of  the 
rhabdosomes  caused  by  stronger  cleavage;  bedding  planes  somewhat  wrinkled.  Turn 
the  picture!  Alexandra,  locality  6.  M  32562. 

Plate  42 

Fig.  1 — Monograptus  praehercynicus  Jaeger.  X  3;  cf.  sicula  and  proximal  rhabdosome  portion 
with  M.  thomasi.  Locality:  Ramstal,  Thuringia,  Germany;  praehercynicus  zone. 
Mus.  Pal.  Berlin,  g  30  d. 

Fig.  2-7 — Monograptus  thomasi ,  n.sp.  (2)  X  3,  lying  normal  to  lineation,  note:  proximal 
‘stalk’  entirely  obliterated  owing  to  shortening.  (3)  X  3,  show's  stalk-like  proximal 
portion,  not  modified  by  cleavage.  (4)  X  5,  note  progressive  erection  of  interthecal 
septa  towards  the  distal  end.  (5)  X  5,  not  so  much  flattened;  note  thecal  hoods 
and  aperture  of  the  sicula.  (6)  X  5,  note  interthecal  septa  in  the  distal  rhabdosome 
portions;  turn  the  picture!  (7)  X  1,  note  width  of  rhabdosomes  directly  proportional 
to  the  angles,  which  they  make  with  the  lineation.  (Reverse  side  of  the  slab 
containing  the  holotype). 

(2)  +  (4)  19  Mile  Quarry,  National  Museum,  Prague,  Akc.  kat.  37  766,  R  1949, 
Inv.  No.  I,  47  (specimens  lying  on  the  same  slab).  (3)  Alexandra,  locality  9. 
M  32598.  (5)  Alexandra,  locality  6.  M  32554.  (6)  +  (7),  19  Mile  Quarry. 
M  58382  and  M  58381  respectively. 

Plate  43 

Monograptus  thomasi  n.sp.  X  5;  rhabdosome  signified  by  the  arrow,  which  also  indicates  the 
direction  of  the  lineation,  is  the  holotype  (slightly  tilted  during  burial).  19  Mile 
Quarry,  Yarra  Track.  Geological  Survey  of  Victoria  58381. 
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A  DISCUSSION  OF  SOME  VICTORIAN  ORDOVICIAN  GRAPTOLITES 

By  William  B.  N.  Berry 
Museum  of  Paleontology,  University  of  California,  Berkeley 

Abstract 

Type  specimens  of  some  Australian,  primarily  Victorian,  Ordovician  graptolites  housed 
in  the  National  Museum  of  Victoria  have  been  examined  and  the  species  based  on  them 
discussed.  Fourteen  of  the  seventeen  species  considered  are  described  more  fully  than  they 
had  been,  and  all  are  illustrated  for  the  first  time  photographically.  Pseudoclimacograptus  cf. 
p  scharenbergi  is  described.  The  more  complete  descriptions  of  the  types  and  detailed 
comparisons  of  them  with  closely  related  forms  in  other  parts  of  the  world  permitted 
recognition  that  some  of  the  species  considered  are  unique  to  Australia,  others  to  Australia 
and  New  Zealand,  but  that  others  are  widely-spread.  Because  many  of  the  Victorian  Ordovician 
graptolites  are  reported  to  occur  in  New  Zealand,  China,  Russia,  and  North  America,  closest 
and  most  detailed  comparisons  were  made  with  forms  in  those  areas. 

Victorian  type  specimens  of  Climacograptus  bicornis  subspecies  longispina  and  Paraglosso- 
graptus  etheridgei  appear  to  have  comprised  a  local  population  and  a  subspecies  respectively 
that  are  distinct  from  those  comprised  of  North  American  specimens  of  these  forms. 
Climacograptus  riddellensis ,  Didymograptus  v-deflexus ,  Phyllograptus  nobilis ,  and  Retiograptus 
pulcherrimus ,  on  the  other  hand,  scarcely  differ  at  all  when  American  specimens  and  the 
Victorian  types  of  these  species  are  closely  compared.  Similarly,  Victorian  specimens  of 
Orthograptus  truncatus  var.  abbreviate  are  closely  similar  to  British  specimens. 

Convergence  in  thecal  apertural  excavation  shape  in  two  phyletic  lineages  of  climaco- 
eraptids  was  also  noted.  The  apertural  excavations  in  Climacograptus  riddellensis  have  the 
same  shape  as  those  in  Pseudoclimacograptus  angulatus  and  some  other  pscudoclimacograptids. 

Introduction 

The  National  Museum  of  Victoria  houses  some  of  the  oldest  Australian  grap- 
tolite  collections  which  include  many  widely-cited  species.  A  few  of  the  graptolites  in 
the  collections  were  described  by  Sir  Frederick  McCoy  in  the  latter  part  of  the 
1800s  in  the  course  of  his  monumental  palaeontological  study  which  culminated  in 
the  Prodromus  of  the  Palaeontology  of  Victoria.  Others  of  the  specimens  were 
studied  by  T.  S.  Hall  just  before  and  after  the  turn  of  the  century  and  by  W.  H. 
Harris  and  R.  A.  Keble  during  the  1920s  and  1930s.  Several  new  species  were 
delineated  by  these  palaeontologists  over  the  years  from  the  materials  in  the 
National  Museum’s  graptolite  collections.  Accordingly,  several  types  are  to  be  found 
in  them. 

With  few  exceptions,  the  only  published  figures  of  the  types  are  line  drawings, 
most  of  which  were  reproduced  in  publication  without  magnification.  Others,  though 
magnified  in  publication,  had  only  approximate  or  no  magnification  at  all  indicated 
with  the  published  figure.  Such  reproduction  of  graptolite  illustrations  makes  obser¬ 
vation  of  anything  more  than  rhabdosome  form  from  them  very  difficult.  Further, 
the  descriptions  of  many  of  the  species,  although  perfectly  adequate  in  terms  of 
the  taxonomic  work  being  carried  on  at  the  time  they  were  described,  are  neither 
as  precise  nor  as  complete  as  they  should  be  for  detailed  inquiry  into  phyletic  and 
zoogeographic  relationships  and  species  structures  being  carried  out  at  present. 

An  examination  was  undertaken,  therefore,  of  some  type  specimens  in  the 
National  Museum’s  graptolite  collections  to  make  the  species  founded  upon  them 
known  more  fully.  All  type  specimens  of  each  of  the  species  studied  in  the  course 
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of  this  investigation  were  considered  in  forming  the  descriptions  given  herein.  If 
additional  topotypical  specimens  were  present  in  the  Museum  collections,  they  have 
been  included  in  the  descriptions.  Some  of  the  original  localities  were  visited  and, 
where  possible,  collections  made.  Topotypical  specimens  so  obtained  have  been 
included  in  the  consideration  of  the  species  described  here.  Topotypes  of  some  of 
the  species  described  are  in  the  Geological  Survey  of  Victoria’s  collections.  They,  too, 
have  been  included  in  this  discussion.  Most  of  the  photographs  were  taken  at 
magnifications  of  X  3  or  greater  and  have  been  reproduced  here  to  provide  a  more 
accurate  pictorial  record  of  the  species  considered  than  has  heretofore  been 
published. 

Although  in  most  cases  other  Victorian  specimens  of  the  species  discussed  have 
been  examined,  only  the  types  and  associated  specimens  from  the  locality  from 
which  the  types  were  obtained  are  described  herein.  The  description  of  each  species 
presented  here  is  not  a  full  delineation  of  that  species  in  Victoria  or  in  Australia 
generally,  but  it  is  as  complete  a  description  as  possible  of  the  type  specimens 
available.  These  descriptions  might  be  considered  those  of  the  local  populations  of 
the  species,  or  perhaps  subspecies  in  some  instances,  at  the  locality  from  which  the 
type  specimens  were  collected. 

The  study  of  the  Victorian  specimens  was  carried  out  at  the  National  Museum 
of  Victoria.  That  of  some  of  the  Marathon  Region,  Texas,  forms  most  closely  com¬ 
parable  with  the  Victorian  types  redescribed  here  was  accomplished  at  the  Yale 
Peabody  Museum  with  the  photographs  and  descriptions  of  the  Victorian  specimens 
in  hand.  Where  possible,  other  extra-Australian  records  of  the  species  redescribed 
were  considered  and  the  specimens  compared  with  the  Victorian  material  to  enable 
some  tentative  conclusions  concerning  possible  subspecific,  infrasubspecific,  and 
zoogeographic  relationships  to  be  drawn. 
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Some  Results  of  the  Study 

Complete  delineation  of  many  of  the  Victorian  graptolite  species  is  becoming 
increasingly  important  as  detailed  comparisons  of  them  are  made  with  Chinese, 
Russian,  and  American  forms.  The  general  features  of  the  diagnostic  associations  of 
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Australian,  Chinese,  Russian,  and  American  Ordovician  graptolites  have  led  to 
the  recognition  that  an  Australian- American  (Berry  1960a)  or,  more  broadly  and 
definitely,  a  Pacific  Faunal  Region  (Mu  1963)  was  in  existence  during  much,  if 
not  all,  of  Ordovician  time.  The  Pacific  Faunal  Region  is  most  clearly  revealed  by 
comparison  of  the  graptolite  genera  and  species  which  comprise  the  diagnostic 
congregations  that  typify  each  of  the  Ordovician  graptolite  Zones  in  each  area. 

Within  the  context  of  the  Faunal  Region  many  species  may  be  recognized  that 
were  widely-spread  throughout  it  and  had  local  populations  in  different  places  in  it. 
Other  species  were  more  restricted  in  their  distribution,  and  aggregates  of  them 
suggest  that  Provinces  were  in  existence  within  the  Region  for  most  of  the 
Ordovician. 

As  further  inquiry  delves  into  the  ultimate  faunal  relationships  within  the 
Ordovician  Pacific  Province  based  upon  graptolites,  very  precise  delineation  of 
species  and  their  local  populations  are  requisite  for  exact  comparisons  and  contrasts 
to  be  drawn.  Many  of  the  Australian  species  described  years  ago  are  thus  in  need 
of  restudy  to  enable  the  comparisons  and  contrasts  to  be  made.  A  few  of  the  types 
of  them  are  redescribed  here. 

One  result  of  this  restudy  is  the  recognition  that  a  temporal  subspecies  of 
Climacograptus  bicornis,  C.  bicornis  subsp.  longispina ,  includes  two  local  popula¬ 
tions.  One  may  be  recognized  in  the  western  United  States  on  the  basis  of  specimens 
obtained  from  two  localities  in  Nevada,  and  the  other  is  based  upon  specimens 
from  an  old  locality  near  the  New  South  Wales- Victoria  border.  Stockyard  Creek 
in  Wellesley  County,  New  South  Wales.  The  Nevada  specimens,  as  discussed  herein, 
are  slightly  wider  and  have  slightly  more  thecae  than  the  Australian  specimens. 
All  other  characters  of  both  sets  of  specimens  are  either  identical  or  fall  within 
the  same  range  in  variation.  The  degree  of  difference  between  the  two  groups 
appears  to  be  of  the  order  of  magnitude  of  that  between  local  populations.  Species 
associated  with  both  groups  indicate  that  they  were  restricted  to  the  latest 
Ordovician  and  were,  as  closely  as  may  be  ascertained  from  analysis  of  fossil  data, 
in  existence  during  the  same  span  of  time. 

C.  bicornis  subsp.  longispina  is  clearly  a  close  relative  of  C.  bicornis  senso  stricto 
but  its  spines  have  a  characteristic  outward  and  downward  curvature  to  form  an 
approximate  semicircle  whereas  those  in  C.  bicornis  ss.  are  nearly  straight  and 
much  shorter.  Rhabdosomes  of  C.  bicornis  subsp.  longispina  are  also  slightly  shorter 
and  thinner  than  those  of  C.  bicornis  ss .  The  degree  of  morphologic  difference 
between  the  two  forms  is  considered  to  be  that  of  a  subspecies,  and  as  specimens 
of  C.  bicornis  subsp.  longispina  occur  in  strata  younger  than  those  in  which 
C.  bicornis  ss.  does,  it  is  concluded  to  be  a  temporal  subspecies  of  that  plexus  of 
forms  that  may  be  grouped  within  the  species  C.  bicornis. 

Another  comparison  made  in  this  study  revealed  that  specimens  of  Paraglosso- 
graptus  etheridgei  recognized  in  the  Marathon  Region,  Texas  (Berry  1960b)  are, 
as  a  group,  slightly  thinner  than  the  typical  Victorian  specimens  and  appear  to 
comprise  a  distinct  subspecies.  The  Marathon  Region,  Texas  specimens  of  Didy- 
mograptus  v-defiexus ,  Climacograptus  riddellensis,  Phyllograptus  nobilis ,  and  Retio- 
graptus  pulcherrimus  are,  on  the  other  hand,  so  similar  in  all  characteristics  to  the 
Victorian  type  specimens  that  the  Texas  and  Victorian  members  of  these  species  do 
not  appear  to  differ  even  to  the  degree  of  local  populations. 

Victorian  specimens  of  Orthograptus  truncatus  var.  abbreviatus  and  Pseudo - 
climacograptus  cf.  P.  scharenbergi  are  very  similar  to  British  and  Scandinavian 
specimens  respectively  of  these  forms.  Indeed,  some  British  and  Victorian  speci¬ 
mens  of  O.  truncatus  var.  abbreviatus  are  almost  identical  in  every  respect.  Both  of 
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these  forms  appear  in  the  Pacific  faunal  Region  and  in  one  or  more  other  Regions, 
indicating  that,  as  is  true  of  the  present-day  distribution  of  organisms,  not  all 
species  are  restricted  to  one  biogeographic  area.  Indeed,  as  many  as  50%  of  the 
species  in  one  area  may  occur  in  others  as  is  indicated  by  Ekman’s  (1953)  com¬ 
prehensive  survey  of  zoogeographic  distribution  in  the  seas.  The  Victorian  and 
Scandinavian  specimens  of  Pseudoclimacograptus  cf.  P.  scharenbergi  may  comprise 
a  temporal  subspecies  of  P.  scharenbergi,  or  the  Victorian  material  may  itself  repre¬ 
sent  a  distinct  subspecies. 

Two  of  the  species  studied  ( Didymograptus  hemicyclus  and  Diplograptus 
ingens)  are  restricted  to  the  Australian  portion  of  the  Pacific  Region  and  do  not 
appear  to  have  any  closely  related  species  outside  of  it.  At  least  four  other  species 
studied  ( Adelograptus  clarki,  Didymograptus  dependulus,  Didymograptus  mundus, 
and  Didymograptus  pritchardi)  are  known  only  from  New  Zealand  and  Victoria! 
This  evidence  suggests  that  at  least  a  part  of  Australia  and  New  Zealand  may  have 
comprised  a  faunal  Province  which  was  distinct  from  others  in  the  Pacific  faunal 
Region  during  at  least  a  part  of  the  Ordovician.  Examination  of  the  geographic 
ranges  of  other  Victorian  Ordovician  species  tends  to  substantiate  this  view  but 
comprehensive  study  of  all  Australian  and  New  Zealand  species  of  Ordovician 
graptolites  must  be  carried  out  before  this  suggestion  may  be  considered  anything 
more  than  that.  B 

One  other  result  of  this  study  has  been  the  recognition  of  convergence  in  thecal 
apertural  excavation  shape  in  two  different  phyletic  lineages  of  climacograptids. 
Thecal  apertural  excavations  in  some  species  of  the  genus  Pseudoclimacograptus 
(P.  angulatus,  for  example)  are  pouch-shaped.  The  thecal  apertural  excavations  in 
Climacograptus  riddellensis  are  similar  in  shape,  but  C.  riddellensis  cannot  be 
included  in  the  genus  Pseudoclimacograptus  when  all  characteristics  are  considered. 
Pseudoclimacograptids  appear  to  have  developed  from  the  Glyptograptus  austro- 
dentatus  group  of  glyptograptids  which  have  streptoblastic  proximal  end  develop¬ 
ment  through  more  marked  sigmoidal  curvature  of  the  thecae.  C.  riddellensis  appears 
to  be  allied  with  those  climacograptids  with  prosoblastic  proximal  end  development, 
straight  median  septa,  and  straight  supragenicular  portions  of  the  ventral  thecal 
walls.  This  climacograptid  group  apparently  developed  from  the  Glyptograptus 
dentatus  stock  in  which  proximal  end  development  is  prosoblastic  and  curvature  of 
the  ventral  thecal  walls  not  quite  so  marked  as  in  the  G.  austrodentatus  group. 

The  pouch-shaped  apertural  excavations  apparently  gave  a  degree  of  isolation 
to  each  zooid  in  the  colony.  Such  isolation  could  have  afforded  some  protection  from 
predators.  Whether  this  particular  form  of  thecal  apertural  excavation  has  any 
adaptive  significance  for  certain  environmental  situations  cannot  be  ascertained 
either  from  the  type  of  deposits  in  which  the  species  occur  that  have  it  or  from 
the  species  associated  with  them.  It  may  have  some  adaptive  significance  or  it  may 
be  merely  a  reflection  of  the  general  tendency  among  many  graptoloids  toward 
apertural  isolation. 

Systematic  Palaeontology 

The  taxonomic  categories  followed  herein  are  those  used  by  Bulman  (1955)  in 
the  American  Treatise  on  Invertebrate  Paleontology,  Part  V  and  his  subsequent 
(1963a)  discussion  of  the  higher-level  taxonomic  units.  Many  of  the  genera  recog¬ 
nized  within  the  Class  Graptolithina  are  probably  structural  morphologic  grades 
and  not  clades.  Few  phyletic  lineages  are  known  among  the  graptolites  and  many 
of  the  generic  and  subgeneric  terms  that  have  been  proposed  commonly  apply  to 
forms  that  have  attained  a  certain  degree  of  morphologic  similarity  but  belong  to 
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different  phyletic  lineages.  More  study  using  all  the  morphologic  characters  available 
needs  to  be  carried  out  among  the  graptolites  before  a  classification  which  reflects 
phylogeny  to  any  gjeat  extent  can  be  established. 

The  morphologic  terms  used  herein  are  primarily  those  cited  by  Bulman  (1955) 
in  the  American  Treatise  on  Invertebrate  Paleontology.  In  addition,  the  terminology 
proposed  by  Jaanusson  (1960,  p.  304)  for  portions  of  the  thecal  walls  in  clima- 
cograptid  and  amplexograptid  thecal  types  and  that  suggested  by  Bulman  (1963b, 
p.  671 )  for  the  types  of  diplograptid  proximal  end  development  are  used. 

Most  of  the  type  numbers^  are  those  of  the  National  Museum  of  Victoria.  The 
initials  NMV  are  used  in  the  descriptions  and  plate  captions  as  an  abbreviation  for 
National  Museum  of  Victoria. 

Only  selected  synonymies  have  been  given  for  each  species  discussed.  The 
references  cited  in  the  synonymies  are,  in  adition  to  the  original,  those  in  which 
specimens  the  author  has  examined  are  described  or  figured,  or  those  in  which  the 
figures  and  descriptions  are  sufficiently  precise  and  complete  to  permit  relatively 
accurate  comparisons. 

Class  Graptolithina  Bronn  1846 
Order  Dendroidea  Nicholson  1872 
Family  Anisograptidae  Bulman  1950 
Genus  Adelograptus  Bulman  1941 

Discussion:  Bulman  (1941)  restricted  those  dendroid  graptolites  with  three 
primary  stipes,  pendent  to  declined  rhabdosome  form,  and  primarily  lateral  stipes 
irregularly  developed  to  the  genus  Bryograptus.  He  erected  the  new  genus  Adelo¬ 
graptus  to  encompass  those  dendroid  graptolites  with  relatively  similar  rhabdosome 
form  and  branching  characteristics  but  with  only  two  primary  stipes.  The  two 
Victorian  species  placed  herein  the  genus  Adelograptus  are  dendroid  graptolites 
with  two  primary  stipes  and  the  rhabdosome  form  and  branching  characteristics 
typical  of  the  genus.  The  author  thus  follows  Bulman  (1941,  1955)  in  recog¬ 
nizing  the  genus  Adelograptus  as  distinct  from  the  genus  Bryograptus  based 
primarily  on  the  number  of  primary  stripes. 

Adelograptus  clarki  (T.  S.  Hall  1899) 

(Plate  44,  fig.  2,  4) 

1899a  Bryograptus  clarki  T.  S.  Hall,  p.  165-166,  PI.  17,  fig.  3,  4. 

1932  Bryograptus  victoriae  T.  S.  Hall-Harris  &  Keble,  PI.  4,  fig.  2. 

1938  Bryograptus  clarki  T.  S.  Hall-Harris  &  Thomas,  PI.  1,  fig.  8. 

1941  Adelograptus  victoriae  (T.  S.  Hall) -Bulman,  p.  115. 

1960  Adelograptus  clarki  (T.  S.  Hall) -Thomas,  p.  8. 

1960  Bryograptus  clarki  T.  S.  Hall-Thomas,  PI.  1,  fig.  7. 

Lectotype:  Hall  (1899a)  did  not  designate  a  holotype  from  among  the  speci¬ 
mens  he  had  available  for  study  in  his  publication.  He  figured  (1899a,  PI.  17, 
fig.  3,  4)  only  one  specimen,  and  it  has  the  designation  ‘type’  in  Hall’s  handwriting 
on  the  label  with  it.  That  specimen  is  designated  the  lectotype  and  is  illustrated 
(PI.  44,  fig.  2).  The  specimen  has  NMV  No.  P 14366. 

Type  Locality  and  Horizon:  Hall  (1899a,  p.  165)  stated  that  the  type 
specimens  came  from  ‘a  small  quarry  a  few  hundred  yards  to  the  north  of  the  now 
deserted  Mount  William  railway  station’  in  the  Lancefield  Beds  near  Lancefield, 
Victoria.  The  horizon  is  probably  within  the  Middle  Lancefieldian,  Zone  La2  of 
the  Lancefieldian,  as  discussed  by  Thomas  (1960). 
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Material:  The  lectotype  and  3  topotypes. 

Description:  Two  primary  stipes  diverge  from  the  sicula  at  a  130°  to  155° 
angle.  They  are  commonly  straight  for  the  greater  part  of  their  length,  but  some 
bend  downward  in  their  distal  portions,  possibly  reflecting  a  certain  amount  of 
distortion  during  compression.  The  primary  stipes  are  4  to  8  mm  long,  and  they 
widen  from  0  4  to  0  6  mm  at  the  apertures  of  the  first  autothecae  to  a  maximum  of 
0  7  to  0  8  mm  at  the  level  of  the  second  autothecal  aperture  and  they  remain  that 
width  for  the  remainder  of  their  extent.  One  or  both  of  the  primary  stipes  may 
bifurcate,  although  apparently  they  do  not  in  all  specimens.  The  secondary  stipes 
which  arise  from  such  bifurcation  are  commonly  short  (0  5  to  2  0  mm  long)  and 
they  are  0  4  to  0  5  mm  wide.  They  commonly  enclose  an  angle  of  20°  to  30°. 

A  secondary  stipe  is  given  off  from  each  of  the  two  primary  stipes  at  the  level 
of  the  first  thecal  aperture  on  each  by  lateral  branching.  These  secondary  stipes 
range  in  length  from  2  5  to  4-1  mm  but  most  are  2-8  to  3  5  mm  long.  They  are 
0  4  to  0  5  mm  wide.  They  make  a  30°  to  70°  angle  with  the  primary  stipes  and 
they  are  straight.  They  bifurcate  at  their  distal  tips  to  short  (0  5  to  4  2  mm  long) 
tertiary  stipes  which  are  0  35  to  0  45  mm  wide  and  enclose  a  65°  to  105°  angfe. 

The  rhabdosome  thus  branches  both  by  bifurcation  and  lateral  branching.  The 
primary  stipes  are  gently  declined  and  the  laterally-branched  secondary  stipes  and 
those  stipes  that  arise  from  them  by  bifurcation  give  a  pendent  aspect  to  the 
rhabdosome. 

The  autothecae  number  5  in  5  mm.  No  bithecae  were  observed.  The  autothecae 
on  the  primary  stipes  overlap  %  to  %  their  length.  The  ventral  walls  of  these  thecae 
are  curved,  making  a  13°  to  18°  angle  with  the  stipe  axis  initially  and  a  45°  to 
57°  angle  with  the  stipe  axis  at  the  thecal  aperture.  The  apertures  are  straight  and 
make  a  45°  to  55°  angle  with  the  ventral  walls. 

The  siculae  are  1  2  to  14  mm  long  and  0  4  to  0  5  mm  wide  at  their  apertures. 
The  nemas  observed  fall  within  a  range  of  0  5  to  10  mm  in  length. 

Remarks:  The  lectotype  and  topotypes  have  a  distinctive  rhabdosome  form  in 
which  the  primary  stipes  are  slightly  declined  and  the  laterally-branched  secondary 
stipes  are  pendent.  One  set  of  secondary  stipes  arises  by  lateral  branching  whereas 
the  others  arise  by  bifurcation.  These  features  appear  to  make  this  a  distinct  species. 

Bulman  (1941,  p.  115)  placed  this  species  in  synonymy  with  A.  victoriae 
without  discussion.  Harris  &  Keble  (1932,  PI.  4,  fig.  2)  figured  a  form  with  rhab¬ 
dosome  shape  similar  to  that  described  here  for  A.  clarki  with  the  identification 
A.  victoriae,  and  Bulman  (1941)  may  have  simply  followed  an  implied  opinion  in 
synonymizing  A.  clarki  with  A.  victoriae.  Examination  of  the  lectotypes  of  both 
A.  clarki  and  A.  victoriae,  as  well  as  of  topotypes  of  each,  has  led  the  author  to  the 
opinion  that  the  two  are  distinct  species.  The  secondary  branches  in  A.  victoriae 
appear  to  arise  by  bifurcation.  Lateral  branching  was  not  observed  in  that  species 
The  primary  stipes  in  A.  victoriae  appear  to  be  more  markedly  declined  than  those 
in  A.  clarki  and  the  rhabdosomes  of  A.  victoriae  have  a  more  pendent  form. 

Adelograptus  pauxillus  Benson  and  Keble  is  similar  to  A.  clarki  in  rhabdosome 
form  and  in  possessing  secondary  stipes  that  arise  both  by  bifurcation  and  lateral 
branching.  The  primary  stipes  in  A.  pauxillus  appear  to  be  slightly  more  declined 
than  those  in  A.  clarki  and  the  laterally-branched  secondary  stipes  arise  at  the  level 
of  the  second  to  fourth  autothecal  aperture  in  A.  pauxillus,  whereas  these  stipes 
arise  at  the  level  of  the  first  autothecal  aperture  in  A.  clarki.  The  two  forms  may  be 
no  more  than  varietally  distinct  as  suggested  by  Bulman  (1941,  p.  115),  but  further 
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investigation  into  the  range  of  variation  of  each  must  be  pursued  to  reveal  their 
relationship. 

Adelograptus  divergens  Elies  &  Wood  has  primary  stipes  that  are  straight  and 
diverge  from  the  sicula  at  a  lesser  angle  than  those  in  A.  clarki  and  secondary 
stipes  that  branch  laterally  from  the  primary  ones.  The  general  rhabdosome  form  is 
somewhat  similar  to  that  of  A.  clarki  and  laterally-branched  secondary  stipes  are 
present,  but  the  two  species  are  dissimilar  in  that  the  laterally-branched  stipes  in 
A.  divergens  arise  irregularly  and  apparently  do  not  bifurcate  whereas  these  stipes 
arise  regularly  at  the  first  autothecal  aperture  of  the  primary  stipes  in  A.  clarki 
and  they  do  bifurcate. 

Benson  and  Keble  (1935)  cited  A.  clarki  as  being  present  in  their  collections 
from  Preservation  Inlet,  New  Zealand  but  they  neither  figured  nor  described  it. 
]sk)  comparison  may  thus  be  made  between  the  Victorian  and  New  Zealand 
specimens. 

Adelograptus  victoriae  (T.  S.  Hall  1899) 

(PI.  44,  fig.  1) 

1899a  Bryograptus  victoriae  T.  S.  Hall,  p.  165,  PI.  17,  fig.  1,  2. 

1899b  Bryograptus  victoriae  T.  S.  Hall,  p.  450,  PI.  22,  fig.  11,  12. 

1938  Bryograptus  victoriae  T.  S.  Hall-Harris  &  Thomas,  PI.  1,  fig.  7. 

1941  Adelograptus  victoriae  (T.  S.  Hall)-Bulman,  p.  115. 
i960  Adelograptus  victoriae  (T.  S.  Hall) -Thomas,  p.  8. 
i960  Bryograptus  victoriae  T.  S.  Hall-Thomas,  PI.  1,  fig.  6. 

Lectotype:  Hall  (1899a)  did  not  designate  a  holotype  in  his  publication  from 
among  the  specimens  he  had  available  for  study.  He  (1899a,  PI.  17,  fig.  1,  2) 
figured  only  one  specimen  which  has  the  designation  ‘type’  written  on  the  label 
with  it.  That  specimen  is  designated  the  lectotype  and  is  figured  on  PI.  44,  fig.  1. 
It  has  NMV  No.  P14240. 

Type  Locality  and  Horizon:  Hall  (1899a,  p.  165)  stated  that  the  type 
specimens  came  ‘from  a  small  quarry  a  few  hundred  yards  to  the  north  of  the  now 
deserted  Mount  William  railway  station’  in  the  Lancefield  Beds  near  Lancefield, 
Victoria.  The  horizon  is  probably  within  the  Middle  Lancefieldian,  Zone  La2  of 
the  Lancefieldian,  as  discussed  by  Thomas  (1960). 

Material:  The  lectotype  and  5  topotypes. 

Description:  Two  primary  stipes  diverge  from  the  sicula  initially  at  an  angle 
of  130°  to  135°,  They  curve  downward  within  2  mm  from  the  sicula  to  ultimately 
enclose  an  angle  of  approximately  60°.  The  primary  stipes  are  2  to  6  mm  long. 
They  are  0-7  to  0  77  mm  wide  at  the  first  thecal  aperture  and  they  widen  slightly, 
to  a  maximum  of  0  9  mm,  near  the  point  of  bifurcation. 

The  primary  stipes  bifurcate,  each  giving  rise  to  two  secondary  stipes  which 
are  2  to  4  mm  long  and  0-45  to  0  65  mm  wide.  The  secondary  stipes  enclose  an 
angle  of  60°  to  90°. 

The  autothecae  number  4  to  4i  in  5  mm.  They  are  approximately  7  to  8  times 
as  long  as  they  are  wide  and  they  overlap  %  to  i  their  length.  The  ventral  walls 
of  all  but  the  proximal  two  thecae  of  each  primary  stipe  appear  to  be  straight  and 
they  are  inclined  to  the  stipe  axis  at  a  25°  to  35°  angle.  The  apertures  are  straight 
and  make  a  60°  to  70°  angle  with  the  ventral  walls.  The  ventral  walls  of  the 
proximal  autothecae  are  markedly  curved.  No  bithecae  were  observed  on  the 
specimens  studied. 

The  siculae  observed  are  17  to  L7  mm  long  and  0  65  to  0  7  mm  wide  at 
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their  apertures.  A  short  nema  of  approximately  1  mm  length  extends  from  the 
apex  of  the  sicula. 

Remarks:  The  nearly  pendent  form  of  the  rhabdosome  and  the  regular  bifur¬ 
cation  of  the  primary  branches  serve  to  set  this  species  apart  from  others.  The 
absence  of  laterally-branched  stipes  as  well  as  the  near-pendent  orientation  of  the 
primary  stipes  sets  this  species  apart  from  A.  clarki.  The  near-pendent  form, 
regularity  of  bifurcation  of  the  primary  stipes,  and  greater  angle  of  thecal  inclination 
make  this  species  distinct  from  A.  lapworthi  Ruedemann.  A .  victoriae  may  be 
distinguished  from  A.  simplex  Tornquist  by  the  bifurcation  of  both  primary  stipes, 
whereas  one  of  the  primary  stipes  in  A .  simplex  does  not  bifurcate  or  branch.  Both 
of  these  species  have  pendent  rhabdosomes. 

Benson  and  Keble  (1935)  and  Berry  (1960b)  recorded  A .  victoriae  from 
New  Zealand  and  the  Marathon  Region,  Texas  respectively  but  neither  figured  nor 
described  the  specimens  so  identified.  The  North  American  (Texas)  specimens  are 
immature  forms  with  similar  rhabdosome  form  as  A.  victoriae.  Detailed  comparison 
between  the  Texas  and  Victorian  specimens  is  thus  not  possible. 

Order  Graptoloidea  Lapworth  1875 
Suborder  Didymograptina  Lapworth  1880  (emend.) 

Superfamily  Dichograptacea  Lapworth  1873 
Family  Dichograptidae  Lapworth  1873 
Genus  Brachiograptus  Harris  &  Keble  1932 

Brachiograptus  etaformis  Harris  &  Keble  1932 
(PI.  44,  fig.  3) 

1932  Brachiograptus  etaformis  Harris  &  Keble,  p.  41,  PI.  6,  fig.  8,  9. 

1938  Brachiograptus  etaformis  Harris  &  Keble-Harris  &  Thomas,  PI.  2,  fig.  73. 

1947  Loganograptus  logani  mut.  pertenuis  Ruedemann  (pars)  p.  287,  PI.  45,  fig.  15,  16. 

Holotype:  NMV  P24109;  paratype — NMV  P24020. 

Type  Locality  and  Horizon:  Harris  &  Keble  (1932,  p.  48)  stated  that  the 
holotype  and  paratype  came  from  ‘Strathfieldsaye,  Bendigo  East’.  The  type  speci¬ 
mens  were  obtained  from  beds  included  in  the  Zone  of  Diplograptus  decoratus  by 
Harris  (1935).  That  Zone  was  designated  ‘M.  O.  3’  by  Harris  &  Thomas  (1938) 
and  ‘D  3’,  the  third  Zone  in  the  Darriwilian  by  Thomas  (1960). 

Material  :  The  holotype,  the  paratype,  and  4  topotypes. 

Description;  To  Harris  &  Keble’s  (1932,  p.  41)  thorough  description  of  this 
species  a  few  observations  and  measurements  may  be  added.  The  secondary  stipes 
are  up  to  15  mm  long  and  they  are  0*4  to  0  6  mm  wide  at  the  thecal  apertures. 
The  lateral  stipes  are  4  to  8  mm  long  and  0  5  to  0  6  mm  wide  across  the  thecal 
apertures.  The  first  lateral  stipe  forms  an  80°  to  90°  angle  with  the  secondary  stipe. 
The  succeeding  lateral  stipes  make  successively  lesser  angles  with  the  secondary  stipe 
with  the  most  distal  lateral  stipes  forming  a  40°  to  45°  angle  with  the  secondary 
stipe.  The  lateral  stipes  are  separated  by  the  distance  of  the  free  portions  of  the 
thecae  that  comprise  the  secondary  stipe.  This  distance  is  1  0  to  1*5  mm.  The 
ventral  thecal  margins  make  a  15°  to  20°  angle  with  the  stipe  axis,  and  they  are 
straight  to  slightly  curved. 

The  sicula  is  0  7  to  0  9  mm  long  and  0*2  to  0  3  mm  wide  at  its  aperture.  A 
short  nema  is  present  in  some  specimens.  The  first-formed  theca  originates  near  the 
middle  of  the  sicula.  The  second-formed  theca  arises  from  the  proximal  third  of 
the  first-formed  and  crosses  the  sicula  close  to  its  aperture. 
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Remarks:  The  characteristic  rhabdosome  form  and  unbranched  lateral  stipes 
as  well  as  the  slender  tubular  thecal  form  and  low  thecal  overlap  clearly  set  this 
species  apart.  The  rhabdosome  form  and  lateral  branching  characteristics  are  unique 
to  the  genus.  It  may  have  developed  from  a  clonograptid. 

North  American  specimens  assigned  to  this  species  have  been  recorded  from  the 
Marathon  Region,  Texas  (Berry  1960b)  and  from  Glenogle  quarry,  British  Colum¬ 
bia  and  Hot  Springs,  Arkansas  (Ruedemann  1947,  PI.  45,  fig.  15,  16).  The 
Arkansas  and  Texas  specimens  are  closely  similar  to  the  Victorian  types  in  all 
characteristics  and  would  appear  to  differ  so  little  that  they  may  not  be  even  sub- 
specifically  distinct.  The  branching  of  the  Glenogle  specimen  appears  somewhat 
different  from  that  in  the  Victorian  types  and  it  may  be  subspecifically  or  even 
specifically  distinct.  Further  study  of  the  Glenogle  material  is  needed  to  establish 
its  relationship  with  that  from  Victoria  as  well  as  that  from  Texas  and  Arkansas. 

Only  the  paratype  of  this  species  has  been  reproduced  here  photographically 
as  most  of  the  features  may  be  readily  seen  on  it.  The  holotype  is  so  poorly  pre¬ 
served  that  no  details  may  be  observed  on  it. 

Genus  Tetragraptus  Salter  1863 
Tetragraptus  decipiens  T.  S.  Hall  1899 
(PI.  44,  fig.  5,  10,  II) 

1899a  Tetragraptus  decipiens  T.  S.  Hall,  p.  168-169,  PI.  17,  fig.  13-15;  PI.  18,  fig.  16-19. 

1920  Tetragraptus  decipiens  T.  S.  Hall-Keble,  p.  199-201,  PI.  34,  fig.  la-e. 

1938  Tetragraptus  decipiens  T.  S.  Hall-Harris  &  Thomas,  PI.  1,  fig.  12. 

1960  Tetragraptus  decipiens  T.  S.  Hall-Thomas,  PI.  1,  fig.  11. 

1960b  Tetragraptus  decipiens  T.  S.  Hall-Berry,  p.  54,  PI.  5,  fig.  4. 

Lectotype:  Hall  (1899a)  figured  several  specimens  from  among  those  he 
studied  but  he  did  not  designate  a  holotype  in  his  publication.  The  specimen  he 
figured  (1899a)  on  PI.  17,  fig.  14  and  15  is  chosen  to  be  the  lectotype.  It  has 
NMV  No.  P 14368,  and  it  is  marked  ‘type’  in  Hall’s  handwriting. 

Type  Locality  and  Horizon:  Hall  (1899a,  p.  165)  stated  that  the  type 
specimens  came  ‘from  a  small  quarry  a  few  hundred  yards  to  the  north  of  the  now 
deserted  Mount  William  railway  station’  in  the  Lancefield  Beds  near  Lancefield, 
Victoria.  The  horizon  is  probably  within  the  Middle  Lancefieldian,  Zone  La2  of 
the  Lancefieldian,  as  discussed  by  Thomas  (1960). 

Material:  The  lectotype  and  6  topotypes. 

Discussion:  To  Keble’s  (1920)  comprehensive  discussion  of  this  species  only 
a  few  remarks  may  be  added.  The  two  initially-formed  thecae  of  the  rhabdosome 
appear  to  have  made  an  angle  of  approximately  90°  with  each  other.  Most  of  the 
specimens  are  flattened  in  such  a  manner,  however,  that  this  angle  seems  greater 
than  that.  The  stipes  in  the  types  are  4  to  10  mm  long  and  they  widen  from  0  5  to 
0  6  mm  initially  to  a  maximum  of  10  to  1*3  mm  at  the  second  thecal  aperture 
of  each.  They  maintain  that  maximum  width  for  the  remainder  of  their  extent. 
The  proximal  portions  of  the  ventral  thecal  margins  make  a  15°  to  20°  angle  with 
the  stipe  axis  and  the  distal  portions  of  the  ventral  margins  make  a  20°  to  35° 
angle  with  the  stipe  axis.  Sicula  lengths  range  from  L9  to  2  4  mm.  Sicula  width 
at  the  aperture  is  0  4  to  0  5  mm. 

Specimens  of  this  species  are  commonly  preserved  in  such  a  manner  that  thecal 
details  and  even  maximum  stipe  width  are  difficult  to  ascertain.  The  three  types 
illustrated  (PI.  44,  fig.  5,  10,  11)  are  relatively  indicative  of  the  kind  of  preservation 
and  amount  of  detail  encountered. 
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Remarks:  Benson  &  Keble  (1935)  cited  this  species  in  their  collections  from 
New  Zealand  but  neither  figured  nor  described  it,  hence  detailed  comparison  be¬ 
tween  the  Victorian  and  New  Zealand  specimens  may  not  be  made.  The  Marathon 
Region  Texas  specimens  assigned  to  this  species  (Berry  1960b,  p.  54,  PI.  5,  fig.  4) 
are  similar  to  the  Victorian  with  the  exception  that  the  ventral  thecal  walls  are 
straight  throughout  their  extent  in  the  Texas  material.  The  Texas  specimens  are 
immature  and  thus  close  comparison  with  the  Victorian  material  is  not  possible.  The 
Texas  specimens  may  be  at  least  subspecifically  distinct  from  the  Victorian. 

Genus  Phyllograptus  J.  Hall  1858 
Phyllograptus  nobilis  Harris  &  Keble  1932 
(PI.  44,  fig.  6-9) 

1932  Phyllograptus  nobilis  Harris  &  Keble,  p.  41-42,  PI.  6,  fig.  3,  4. 

1960b  Phyllograptus  nobilis  Harris  &  Keble-Berry,  p.  57-58,  PI.  14,  fig.  6,  7. 

Holotype:  NMV  P240121 — the  paratypes  on  the  same  block  with  the  holo- 
type  also  have  NMV  No.  P24021.  The  slab  with  the  topotypes  studied  has  NMV 
No.  P24113. 

Type  Locality  and  Horizon:  Harris  &  Keble  (1932,  p.  42)  stated  that  ‘the 
type  specimens  are  from  the  D1  (Upper  Darriwil)  belt  of  Bendigo  East’.  Harris 
(1935,  p.  332)  indicated  that  P.  nobilis  is  a  common  species  in  the  Zone  of  Diplo - 
graptus  decor  at  us.  That  zone  was  designated  ‘M.  O.  3’  by  Harris  &  Thomas  (1938) 
and  it  was  considered  as  the  third  zone  of  the  Darriwilian  (D3)  by  Thomas  (1960). 
P.  nobilis  was  shown  by  Thomas  (1960)  to  be  restricted  to  the  Diplograptus 
decoratus  Zone. 

Material:  15  topotypes  and  3  specimens  from  the  Gibbo  R.,  NE.  Victoria 
which  have  been  compared  closely  with  the  topotypes. 

Description:  The  rhabdosomes  are  12  to  17  mm  long  and  6  3  to  8  5  mm 
wide  at  the  point  of  maximum  width.  The  length  to  width  ratio  ranges  from  2:  1  to 
2-3:  1,  but  most  specimens  have  a  2:  1  length  to  width  ratio.  The  rhabdosomes 
widen  gradually  to  their  maximum  width  which  is  attained  in  approximately  the 
initial  one-third  of  the  length.  The  rhabdosomes  remain  parallel-sided  for  up  to 
one-third  of  their  length,  and  then  they  taper  distally.  The  rhabdosome  outline  is 
thus  ovoid  with  the  length  twice  the  width.  The  rhabdosome  has  the  quadriserial 
scandent  arrangement  of  the  main  stipes  typical  of  phyllograptids. 

The  thecae  number  6  to  7  in  the  proximal  5  mm  and  11  to  12£  in  10  mm  in 
the  medial  and  distal  portions  of  the  rhabdosome.  Most  commonly,  the  thecae 
number  12  in  10  mm  in  the  medial  and  distal  parts  of  the  rhabdosome.  The  thecae 
in  the  medial  portion  of  the  rhabdosome  are  4  to  5  times  as  long  as  they  are  wide. 
They  appear  to  overlap  almost  their  entire  extent  with  but  a  small  portion  of  the 
ventral  margin  free  where  it  joins  the  apertural  margin.  The  apertural  margin  of 
all  thecae  is  concave  and  it  curves  at  its  lower  side  to  join  the  ventral  margin. 

A  mucro  0*8  to  10  mm  is  formed  there.  The  mucros  project  out  from  the  body 
of  the  rhabdosome  and  give  it  a  distinctive  appearance.  The  inner  one-fourth  to 
one-third  of  all  thecae  is  oriented  at  a  45°  to  60°  angle  to  the  rhabdosome  axis. 
In  the  medial  and  proximal  parts  of  the  rhabdosome,  the  thecae  turn  sharply  after 
one-fourth  to  one-third  of  their  length  to  become  horizontal  or  nearly  so,  or  to  be 
broadly  arcuate  with  the  distal  portions  of  the  thecae  depressed  below  the  horizontal. 
The  distal  portions  of  the  medial  thecae  in  most  rhabdosomes  make  an  80°  to  85° 
angle  with  the  rhabdosome  axis.  The  medial  and  distal  portions  of  the  distal  thecae 
also  curve  to  some  extent  but  much  less  so  than  those  of  the  medial  and  proximal 
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thecae.  The  distal  portions  of  the  distal  thecae  make  a  60°  to  70°  angle  with  the 
rhabdosome  axis.  The  proximal  portions  commonly  make  a  45°  to  50°  angle  with 
the  rhabdosome  axis.  The  sharp  curvature  of  the  medial  and  proximal  thecae  from 
a  highly  inclined  position  in  their  proximal  one-third  to  a  near-horizontal  position 
for  the  remainder  of  their  extent  is  a  characteristic  feature  of  this  species. 

Remarks:  The  original  description  of  this  species  was  quite  general  and  per¬ 
mitted  a  wide  range  of  phyllograptids  to  be  included  in  it  or  at  least  compared  closely 
with  it.  Harris  &  Keble’s  (1932,  p.  41 )  original  description  is:  ‘Stipes  united  to  form 
the  characteristic  phyllograptus  polypary,  with  elongate-ovate,  broad  oval,  or 
obovate  outline.  Thecae  11  in  10  mm,  direction  of  curvature  varied,  but  with 
ventral  margins,  when  clearly  seen,  sigmoidal.  In  contact  for  not  quite  the  full 
length,  apertural  margins  concave,  mucronate  with  distinct  denticle’.  The  key  trait 
to  recognition  of  this  species  was  indicated  to  be  the  sigmoidal  curvature  of  the 
thecal  walls.  Examination  of  the  typical  specimens  as  well  as  others  from  the  general 
vicinity  of  Bendigo  East  did  not  reveal  any  marked  curvature  of  the  thecal  walls. 
The  author  considers  the  distinguishing  features  of  the  species  to  be  the  marked 
thecal  curvature  of  the  medial  and  proximal  thecae  and  the  distinct  mucros.  The 
2 :  1  length  to  width  ratio  is  another  characteristic  feature  of  the  species. 

The  description  given  was  drawn  from  the  topotypes.  Other  specimens  in 
collections  from  the  general  vicinity  of  Bendigo  fall  within  the  range  in  variation 
described  from  the  topotypes.  Harris  &  Keble  ( 1932,  p.  42)  indicated  that  examples 
of  the  species  had  been  collected  from  the  Gibbo  R.  in  NE.  Victoria.  Examination 
of  specimens  from  that  locality  revealed  that  they  were  considerably  larger  than  the 
Bendigo  specimens  although  they  did  have  the  marked  thecal  curvature  so  char¬ 
acteristic  of  the  species,  the  thecal  mucros,  and  approximately  the  same  length  to 
width  ratio.  These  specimens  thus  appear  to  belong  to  the  species  but  are  perhaps 
subspecifically  distinct.  They  have  been  identified  as  P.  cf.  P.  nobilis  in  this  study 
and  one  of  them  (NMV  P24031)  is  illustrated  here  (PI.  45,  fig.  2). 

The  species  may  be  readily  distinguished  from  P.  angustijolius  J.  Hall  by  its 
length  to  width  ratio  and  its  length.  P.  angustijolius  is  commonly  considerably  longer 
and  has  a  length  to  width  ratio  of  three  or  more  to  one.  The  thecae  are  commonly 
12  in  10  mm  in  this  species  and  9  to  11  in  10  mm  in  P.  angustijolius. 

The  species  is  similar  to  P.  densus  Tornquist  in  thecal  form,  but  P.  densus  has 
more  thecae  in  10  mm,  particularly  in  the  proximal  portion.  P.  densus  has  a  slightly 
longer  and  less  wide  form  than  P.  nobilis,  and  its  length  to  width  ratio  is  2  5  or 
more  to  1.  The  thecal  apertures  in  P.  densus  are  not  so  markedly  mucronate  as 
they  are  in  P.  nobilis. 

P.  nobilis  may  be  distinguished  from  P.  ilicifolius  J.  Hall  by  its  more  markedly 
curved  thecae.  The  proximal  portions  of  the  thecae  in  P.  nobilis  are  more  highly 
inclined  than  in  P.  ilicifolius.  Rhabdosomes  of  P.  ilicifolius  taper  more  markedly 
both  distally  and  proximally  from  the  medial  portion  than  they  do  in  P.  nobilis  and 
the  length  to  width  ratio  in  P.  ilicifolius  is  1-3:  1  to  2:  1  with  the  ratio  commonly 
less  than  2:1.  This  ratio  is  commonly  2 :  1  in  P.  nobilis  and  may  be  greater  than 
that  but  not  less. 

P.  nobilis  may  be  distinguished  from  P.  typus  J.  Hall  by  the  marked  curvature 
of  its  thecal  walls,  the  more  markedly  mucronate  thecal  apertures,  and  the  number 
of  thecae  in  10  mm  which  is  11  to  12i  in  P.  nobilis  and  but  9  to  10  in  P.  typus. 
Rhabdosomes  of  P.  typus  are  commonly  longer  in  relation  to  width  than  they  are  in 
P.  nobilis. 
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Although  a  number  of  phyllograptids  appear  to  be  somewhat  similar  to  P. 
nobilis,  it  is  distinct  from  all  of  them.  The  length  to  width  ratio,  the  mucronate 
apertures,  and  the  distinctive  thecal  curvature  serve  to  set  it  apart  from  species 
other  than  those  specifically  discussed. 

The  Marathon  Region,  Texas  specimens  of  this  species  described  by  Berry 
(1960b)  fall  within  the  range  in  variation  discussed  here  for  the  Victorian  types. 
The  Texas  specimens  are  thus  remarkably  similar  to  the  Victorian  material  of  this 
species  from  Bendigo. 

Genus  Didymograptus  McCoy  in  Sedgwick  &  McCoy  1851 
Didymograptus  dependulus  Harris  &  Keble  1932 
(PI.  45,  fig.  3) 

1932  Didymograptus  dependulus  Harris  &  Keble,  p.  46,  PI.  6,  fig.  1,  2. 

1935  Didymograptus  dependulus  Harris  &  Keble-Benson  &  Keble,  p.  281,  PI.  31,  fig.  16. 

Holotype:  NMV  P24022;  Paratype— NMV  P24023. 

Type  Locality  and  Horizon:  Harris  &  Keble  (1932,  p.  48)  indicated  that 
the  holotype  came  from  Geological  Survey  of  Victoria  locality  26,  Sz  at  Steiglitz, 
Victoria  and  that  the  paratype  came  from  Quartz  Hill,  Castlemaine.  They  (1932, 
p.  46)  stated  that  the  typical  horizon  was  ‘Middle  Castlemaine  (C4) — the  bed 
above  that  characterized  by  D.  bifidus ’.  The  C4  zone  of  Harris  &  Keble  (1932)  was 
given  the  designation  Ch3  and  assigned  to  the  then  newly-introduced  Chewton  Series 
by  Harris  &  Thomas  (1938).  They  (1938,  p.  65)  named  their  Ch3  zone  the  ‘Zone 
of  Didymograptus  balticus\  This  Zone  was  apparently  given  the  designation  ‘Ch2’ 
in  the  tables  presented  by  Thomas  (1960). 

Material:  The  holotype,  the  designated  paratype,  and  two  additional  speci¬ 
mens  from  Quartz  Hill. 

Description:  The  stipes  in  this  pendent  didymograptid  diverge  from  the  sicula 
initially  at  a  120°  to  130°  angle.  They  curve  very  slightly  downward  in  the  proximal 
3  to  4  mm  and  then  turn  abruptly  downward  so  that  their  distal  portions  enclose 
an  angle  of  25°  to  35°. 

The  stipes  are  13  to  16  mm  long  and  they  widen  from  1-2  to  1*3  mm  at  the 
apertures  of  Th  l1  and  l2,  to  a  maximum  of  16  to  18  mm  which  is  attained  3  5  to 
5  mm  from  the  sicula.  The  maximum  width  is  maintained  for  4  to  6  mm  and  then 
the  stipes  narrow  gradually  to  0  8  to  10  mm  at  the  aperture  of  the  last  theca  on 
each. 

The  thecae  number  9  to  10  in  10  mm.  They  are  2  to  2i  times  as  long  as  they 
are  wide  and  they  overlap  approximately  i  their  length.  The  ventral  thecal  walls 
curve  markedly  throughout  their  extent.  The  proximal  portions  of  the  thecae  make 
a  25°  to  35°  angle  with  the  stipe  axis.  The  distal  portions  of  the  distal  thecae  make 
a  55°  to  60°  angle  with  the  stipe  axis,  and  the  distal  portions  of  proximal  and 
medial  thecae  make  a  70°  to  80°  angle  with  the  stipe  axis.  Thecal  apertures  are 
straight  and  make  a  45°  to  55°  angle  with  the  ventral  walls  of  the  proximal  and 
medial  thecae  and  a  60°  to  65°  angle  with  the  ventral  walls  of  the  distal  thecae. 
Thecal  apertures  of  the  proximal  and  medial  thecae  are  distinctly  mucronate. 

The  sicula  is  1*5  to  2  0  mm  long  and  0  6  to  0  8  mm  wide  at  its  aperture.  A 
nema  which  is  up  to  6  mm  in  length  projects  from  the  sicula  apex.  Proximal  end 
development  could  not  be  seen. 

Remarks:  The  marked  thecal  curvature,  mucronate  thecal  apertures,  and  distal 
tapering  of  the  stipes  are  distinctive  features  of  this  species  of  pendent  didymo¬ 
graptid.  Thecal  curvature  is  somewhat  like  that  in  the  D.  murchisorti  group,  but 
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this  species  is  not  as  robust  as  any  member  of  that  group  and  stipe  shape  is  quite 
different,  tapering  markedly  distally  for  a  considerable  distance  in  D.  dependulus. 

Benson  &  Keble  (1935)  stated  that  New  Zealand  specimens  of  this  species 
were  similar  to  the  Victorian  except  that  the  thecae  in  the  New  Zealand  forms 
number  12  in  10  mm.  The  thecal  curvature  in  the  New  Zealand  specimens  may 
not  be  quite  so  marked  as  in  the  Victorian,  but  this  is  difficult  to  ascertain  from 
study  of  the  published  figure  and  comparison  of  it  with  the  Victorian  material.  The 
New  Zealand  specimens  appear  to  fall  within  the  species  D.  dependulus  but  they 
probably  comprise  a  subspecies  which  is  morphologically  distinct  from  one  com¬ 
prised  of  the  Victorian  specimens. 

Didymograptus  hemicyclus  Harris  1933 
(PI.  49,  fig.  5,  6) 

1933  Didymograptus  hemicyclus  Harris,  p.  109-110,  PI.  6,  fig.  4;  Fig.  68. 

1938  Didymograptus  hemicyclus  Harris-Harris  &  Thomas,  p.  76,  PI.  ii,  fig.  21  a-c. 

Lectotype:  Harris  (1933)  did  not  designate  a  holotype  for  this  species  from 
the  specimens  he  had  available  for  study.  The  specimen  he  figured  on  PI.  6,  fig.  4 
has  NMV  No.  PI 3797  and  was  apparently  considered  the  type.  That  specimen  is 
designated  the  lectotype. 

Type  Locality  and  Horizon:  The  type  was  collected  by  Mr  Thomas  Smith  in 
Allotment  19,  Parish  of  Campbelltown,  Victoria.  Harris  (1933,  p.  110)  stated  that 
the  species  was  ‘not  uncommon  in  allotments  16  and  17,  Campbelltown,  in  the 
lower  Bendigonian  beds’.  Harris  &  Thomas  (1938,  p.  78)  give  the  locality  of  their 
specimens  as  ‘the  good  bed,  rather  more  than  10  chains  west-south-west  from 
north-east  corner  of  allotment  16A,  section  II,  Campbelltown’.  The  horizon  of  the 
locality  from  which  Smith’s  specimen  (the  lectotype)  came  is  in  the  lower  Bendi¬ 
gonian,  Zone  B5,  of  the  older  zonal  designations  and  that  zone  is  Bel  of  the  Bendigo 
Series  according  to  Harris  &  Thomas  (1938).  Thomas  (1960)  also  gives  this  zone 
the  designation  Bel. 

Material:  The  lectotype  and  5  probable  topotypes. 

Description:  The  stipes  in  this  reclined  didymograptid  diverge  initially  from 
the  sicula  at  a  105°  to  110°  angle,  but  they  curve  upward  rapidly  to  a  reclined 
position  to  give  the  entire  rhabdosome  a  semi-circular  shape.  The  proximal  parts  of 
Th  l1  and  Th  l2  are  declined  but  their  distal  parts  turn  to  become  horizontal.  The 
thecae  that  originate  from  Th  l1  and  l2  are  directed  upward  and  outward,  giving 
the  stipe  formed  of  them  its  curving,  reclined  form.  The  stipes  are  6  to  8  mm  long. 
They  are  0  8  to  10  mm  wide  at  the  apertures  of  Th  l1  and  l2  and  they  are 
1  -2  to  14  mm  wide  at  the  apertures  of  Th  21  and  22.  This  is  the  maximum  width 
of  the  stipes  and  it  is  maintained  throughout  the  remainder  of  their  extent.  The 
width  indicated  includes  the  denticulate  apertural  lip. 

The  thecae  number  4  in  3  mm.  They  overlap  &  to  %  their  length.  The  ventral 
thecal  walls  are  markedly  curved.  Their  proximal  portions  make  a  25°  to  30°  angle 
with  the  stipe  axis  and  their  distal  portions  make  a  70°  to  80°  angle  with  the  stipe 
axis.  The  apertural  margins  are  straight  and  normal  to  the  stipe  axis.  The  ventral 
walls  curve  markedly  in  their  most  distal  portions  where  they  join  the  apertures, 
giving  a  sharply  denticulate  appearance  to  the  apertural  lip.  The  apertural  lip  is 
0  4  to  0-5  mm  long. 

The  sicula  is  14  to  1*6  mm  long  and  0  5  mm  wide  at  its  aperture.  It  has  a 
virgella  that  is  0  3  to  0  5  mm  long.  Proximal  end  development  is  clearly  dicho- 
graptid.  The  proximal  portion  of  Th  l1  makes  a  50°  to  55°  angle  with  the  sicula 
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and  its  distal  part  turns  to  become  horizontal.  Th  l2  originates  from  the  proximal 
part  of  Th  l1  and  its  proximal  part  crosses  in  front  of  the  sicula,  making  an  angle 
of  approximately  50°  to  60°  with  it.  Its  distal  part  turns  to  become  horizontal. 
Th  2l  originates  from  the  distal  part  of  Th  l1  and  Th  22  originates  from  the  distal 
part  of  Th  l2,  thus  giving  the  proximal  end  a  developmental  pattern  much  like  that 
sketched  by  Bulman  (1955,  p.  V56)  as  the  bifidus  stage  of  dichograptid  develop¬ 
ment. 

Remarks:  The  broadly  semicircular  rhabdosome  form  and  reclined  stipes  as 
well  as  the  markedly  curved  and  sharply  denticulate  thecae  make  this  a  distinctive 
species.  The  proximal  end  development  is  clearly  dichograptid  and  similar  to  that 
of  other  didymograptids. 

Didymograptus  mundus  T.  S.  Hall  1914 
(PI.  46,  fig.  2) 

1914  Didymograptus  mundus  T.  S.  Hall,  p.  107,  PI.  17,  fig.  9. 

Holotype:  NMV  PI 4270. 

Type  Locality  and  Horizon:  Hall  (1914,  p.  117)  cited  only  ‘Bendigo’  as 
the  type  locality.  He  (1914,  p.  107)  stated  that  the  species  was  ‘characteristic  of 
the  Upper  Bendigonian,  and  Lower  and  Middle  zones  of  the  Castlcmainian’.  An 
entry  in  the  locality  register  of  the  National  Museum  by  R.  A.  Keble  cites  Diamond 
Hill,  Bendigo,  as  the  type  locality. 

Material:  The  holotype  and  3  additional  specimens  from  East  Bendigo  which 
may  have  come  from  a  horizon  equivalent  to  that  of  the  holotype. 

Description:  The  stipes  in  this  essentially  horizontal  didymograptid  enclose 
a  90°  to  100°  angle  as  they  diverge  from  the  sicula.  They  turn  outward  in  the 
distance  of  approximately  1  mm  to  enclose  a  110°  to  120°  angle.  They  maintain 
this  orientation  for  3  to  5  mm  and  then  they  turn  sharply  upward  to  become 
horizontal  or  nearly  so,  with  an  orientation  of  170°  to  180°  to  one  another.  The 
marked  flexure  of  the  stipes  gives  the  rhabdosome  a  distinctive,  open,  inverted 
V-shape  in  its  proximal  region. 

The  stipes  are  18  to  22  mm  long.  They  are  0  8  to  10  mm  wide  at  Th  l1  and 
Th  l2,  and  they  widen  to  a  maximum  of  14  mm  in  4  to  5  mm  from  the  sicula. 
The  maximum  width  is  maintained  throughout  the  remainder  of  their  extent. 

The  thecae  number  5/i  to  5 M  in  the  proximal  5  mm  and  10  in  10  mm  through¬ 
out  the  remainder  of  the  rhabdosome.  The  thecae  at  a  distance  greater  than  5  mm 
from  the  sicula  are  about  4  times  as  long  as  they  are  wide  at  their  apertures,  and 
they  overlap  about  Ys  their  length.  The  proximal  thecae  have  a  somewhat  greater 
overlap — about  one-half  their  extent.  The  ventral  thecal  walls  are  curved.  Their 
proximal  portions  make  a  10°  to  20°  angle  with  the  stipe  axis  and  their  distal  parts 
make  a  50°  to  65°  angle  with  the  stipe  axis.  The  apertural  margins  are  straight  and 
make  a  60B  to  75°  angle  with  the  ventral  walls. 

The  sicula  is  1  -  8  to  2  0  mm  long  and  0  5  mm  wide  at  its  aperture.  It  commonly 
has  a  short  nema  projecting  from  its  apex.  Proximal  end  development  is  not  clear. 
It  may  be  similar  to  that  of  the  extensus  stage  as  diagrammed  by  Bulman  (1955, 
p.  V56). 

Remarks:  The  marked  flexure  of  the  stipes,  the  thecal  curvature,  and  the 
relatively  shallow  and  open  inverted  V-shape  in  the  proximal  region  characterize 
this  species.  It  may  be  readily  distinguished  from  D.  balticus  Tullberg  by  its  smaller 
sicula  (the  sicula  in  D.  balticus  is  2  5  to  5  mm  long),  thecal  curvature,  more  nearly 
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horizontal  position  of  the  distal  portions  of  its  stipes,  and  more  shallow  and  open 
character  of  the  inverted  V-shape  of  the  proximal  region  of  its  rhabdosome.  The 
marked  stipe  flexure  and  thecal  curvature  set  this  species  apart  from  D.  simulans 
Elies  &  Wood,  and  the  thecal  curvature  and  more  shallow,  open  character  of  the 
inverted  V-shape  of  the  proximal  region  of  the  rhabdosome  in  contrast  with  the 
more  closed  inverted  V-shape  of  the  same  part  of  the  rhabdosome  in  D.  uniformis 
Elies  &  Wood  make  it  distinct  from  that  species.  The  sicula  in  D.  mundus  is  smaller, 
its  stipe  flexure  more  marked,  and  its  thecae  are  curved  in  comparison  with  D. 
protobalticus  Monsen,  and  D.  balticus  var.  vicinatus  Monsen.  Stipe  width,  thecal 
number,  and  thecal  curvature  serve  to  set  D.  mundus  apart  from  other  species  with 
which  it  might  be  compared. 

Benson  &  Keble  (1935,  PI.  31,  fig.  22)  figured  a  small  fragment  that  they 
assigned  to  D.  mundus.  No  description  was  given  and  the  fragment  is  both  so  small 
and  so  poorly  preserved  that  its  identity  as  D.  mundus  and  its  relationship  with  the 
Victorian  specimens  of  this  species  cannot  be  ascertained. 

Didymograptus  pritchardi  T.  S.  Hall  1899 

(PI.  45,  fig.  1;  PI.  46,  fig.  1;  PI.  47,  fig.  1,  2) 

1899a  Didymograptus  pritchardi  T.  S.  Hall,  p.  167,  PI.  17,  fig.  7,  9;  PI.  19,  fig.  8,  10. 

1938  Didymograptus  pritchardi  T.  S.  Hall-Harris  &  Thomas,  PI.  1,  fig.  13. 

1960  Didymograptus  pritchardi  T.  S.  Hall-Thomas,  PI.  1,  fig.  14. 

Lectotype:  Hall  (1899a)  did  not  designate  a  holotype  in  his  publication  from 
among  the  specimens  he  had  available  for  study.  The  designation  ‘type’  is  indicated 
on  the  label  with  the  specimen  he  figured  (1899a)  on  PI.  17,  fig.  7.  That  specimen 
is  chosen  as  the  lectotype.  It  has  NMV  No.  P14238.  The  paratype  has  NMV 
No.  P14239. 

Type  Locality  and  Horizon:  Hall  (1899a,  p.  165)  stated  that  the  type  speci¬ 
mens  came  ‘from  a  small  quarry  a  few  hundred  yards  to  the  north  of  the  now 
deserted  Mount  William  railway  station’  in  the  Lancefield  Beds  near  Lancefield, 
Victoria.  The  horizon  is  probably  within  the  Middle  Lancefieldian,  Zone  La2  of 
the  Lancefieldian,  as  discussed  by  Thomas  (1960). 

Material:  The  lectotype,  the  paratype,  and  5  topotypes. 

Description:  The  stipes  in  this  essentially  declined  didymograptid  diverge  from 
the  sicula  initially  at  a  135°  to  145°  angle.  They  curve  downward  throughout  their 
entire  length  so  that  their  distal  portions  ultimately  enclose  a  75°  to  85°  angle.  The 
stipes  have,  considered  in  their  entirety,  a  gently  arcuate  appearance. 

All  stipes  observed  were  incomplete.  The  longest  seen  measured  12  cm.  They 
are  0  7  to  0-8  mm  wide  at  the  apertures  of  Th  l1  and  l2  and  they  attain  their 
maximum  width  of  0  8  to  0  9  mm  at  the  apertures  of  Th  21  and  22.  Maximum 
stipe  width  is  maintained  throughout  the  remainder  of  the  stipe. 

The  thecae  number  9  to  9'A  in  10  mm  throughout  the  rhabdosome.  They  over¬ 
lap  %  to  A  their  length.  Their  ventral  margins  are  markedly  curved.  The  proximal 
portions  of  the  ventral  thecal  margins  make  a  10°  to  12°  angle  with  the  stipe  axis 
and  the  distal  portions  form  a  50°  to  65°  angle  with  it.  The  marked  curvature  of 
the  ventral  thecal  margins  gives  a  distinctive  appearance  to  the  thecae.  The  aper- 
tural  margins  are  straight  and  normal  or  within  10°  of  normal  to  the  stipe  axis.  A 
distinct  apertural  lip,  which  gives  a  marked  denticulate  appearance  to  the  thecal 
outline,  is  formed  by  the  sharply  curved  distal  portion  of  each  ventral  wall  where 
it  joins  the  apertural  margin. 
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The  sicula  is  14  to  15  mm  long  and  0  25  to  0  3  mm  wide  at  its  aperture. 
Th  l1  appears  to  have  originated  about  in  the  middle  of  the  sicula  and  to  have 
grown  downward  beside  it  for  a  short  distance  before  turning  outward.  The  aper- 
tural  portion  of  the  sicula  apparently  turned  outward  toward  the  stipe  originated 
by  Th  l2.  Th  l2  arose  from  the  proximal  portion  of  the  Th  l1  and  crossed  the 
sicula.  Th  21  originated  from  the  distal  part  of  Th  l1,  and  Th  22  originated  from 
the  distal  part  of  Th  l2. 

Remarks:  The  long,  slender,  gently  arcuate  stipes  and  the  markedly  curved, 
denticulate  thecae  characterize  this  species  and  clearly  set  it  apart  from  others. 
Although  Spjeldnaes  (1963)  suggested  that  D.  pritchardi  might  be  suspected  to 
have  bithecae  and  so  belong  to  the  Genus  Kiaerograptus,  no  bithecae  were  observed 
in  either  the  distal  or  proximal  portions  of  the  stipes  of  this  species.  The  stipes, 
however,  are  highly  carbonized  and  the  distal  portions  are  commonly  badly  distorted 
by  compression,  thus  bithecae  could  be  present  and  not  be  preserved  well  enough 
to  ascertain  their  presence.  Although  the  sicula  in  D.  pritchardi  appears  to  flex 
outward  as  described  by  Spjeldnaes  in  Kiaerograptus  kiaeri,  the  proximal  end 
development  in  D.  pritchardi  differs  from  that  in  K.  kiaeri  in  most  other  aspects. 
The  proximal  end  development  in  D.  pritchardi  appears  to  be  similar  to  that  in 
other  didymograptids. 

One  specimen  with  three  stipes  instead  of  two  (NMV  PI 4239)  but  otherwise 
identical  in  all  characteristics  to  D.  pritchardi  was  figured  by  Hall  (1899a,  PI.  17, 
fig  9-  PI  19,  fig.  8).  Hall  (1899a,  p.  167)  also  mentioned  having  observed  similar 
specimens  with  four  stipes.  The  four-stiped  forms  were  not  seen  by  the  author  in 
the  collections  examined. 

Benson  &  Keble  (1935,  p.  285)  noted  the  presence  of  D.  pritchardi  in  then- 
collections  from  southern  New  Zealand.  They  gave  neither  a  figure  nor  a  descrip¬ 
tion  of  the  specimens  so  identified,  hence  no  comparison  of  them  with  the  Victorian 
types  may  be  made. 

Didymograptus  v-deflexus  Harris  1924 
(PI.  48,  fig.  1) 

1916  Didymograptus  v-deflexus  Harris  (nomen  nudum),  p.  55,  60,  63,  64,  66,  70. 

1924  Didymograptus  v-deflexus  Harris,  p.  93-94.  PI.  7,  fig.  1,  2. 

1938  Didymograptus  v-deflexus  Harris-Harris  &  Thomas,  PI.  2,  fig.  47. 

1960  Didymograptus  v-deflexus  Harris-Thomas,  PI.  5,  fig.  51. 

1960b  Didymograptus  v-deflexus  Harris-Berry,  p.  65,  PI.  11,  fig.  9. 

Holotype:  NMV  P29;  the  paratype  and  some  topotypes  are  on  the  same  slab 
as  the  holotype  and  also  have  NMV  No.  P29. 

Type  Locality  and  Horizon:  Harris  (1924,  p.  94)  stated  that  the  types 
“were  collected  by  the  Geological  Survey  of  Victoria,  at  Ba  91,  Guildford’.  Harris 
(1924,  p.  105)  also  stated  that  the  holotype  and  paratype  came  from  ‘east  of 
Guildford-Daylesford  Road,  Ba  91,  Allot.  9,  sect.  7.  Q.  S.  15  SE.’.  The  species 
was  indicated  by  Harris  (1924)  to  be  common  in  beds  then  included  in  the  Darriwil 
series.  That  portion  of  the  old  Darriwil  series  from  which  the  types  were  obtained 
was  placed  in  the  Yapeen  series  by  Harris  &  Thomas  (1938). 

Material:  The  holotype,  the  paratype,  and  4  topotypes. 

Description:  To  Harris’s  (1924,  p.  93-94)  description  some  additional  meas¬ 
urements  and  observations  may  be  of  note.  The  stipes  in  this  deflexed  didymo- 
graptid  diverge  from  the  sicula  initially  at  a  115°  to  130°  angle.  They  turn  down¬ 
ward  in  a  distance  of  1  0  to  1-5  mm  to  enclose  a  75°  to  90°  angle.  This  orientation 
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of  the  stipes  is  maintained  for  3  7  to  5  0  mm  and  then  they  turn  upward  through 
140°  to  145°  to  enclose  a  150°  to  160°  angle.  The  stipe  curvature  gives  the  rhab- 
dosome  a  shallow,  open,  inverted  V-shape  in  its  proximal  region. 

The  stipes  are  0  7  to  0*75  mm  wide  at  the  apertures  of  Th  l1  and  l2  and  they 
widen  to  a  maximum  of  IT  to  T3  mm  in  3-5  to  4  5  mm  from  the  sicula.  The 
maximum  width  is  maintained  through  the  remainder  of  their  extent.  A  few 
specimens,  those  appearing  to  have  been  more  highly  compressed  than  the  others, 
have  a  maximum  stipe  width  of  15  mm.  The  stipes  commonly  are  15  to  25  mm 
long,  but  those  in  some  specimens  are  up  to  40  mm  long. 

The  thecae  number  5  to  6  in  the  proximal  5  mm  and  8  to  9  in  10  mm  in  distal 
parts  of  the  stipes.  The  thecae  are  about  three  to  four  times  as  long  as  they  are 
wide  and  they  overlap  about  one-half  their  extent.  The  ventral  thecal  margins  of 
those  thecae  in  the  proximal  5  mm  of  the  stipes  are  curved.  Their  proximal  portions 
make  a  15°  to  25°  angle  with  the  stipe  axis,  and  their  distal  portions  make  a 
40°  to  45°  angle  with  the  stipe  axis.  The  ventral  thecal  margins  in  thecae  more  than 
5  mm  from  the  sicula  are  straight  and  make  a  30°  to  35°  angle  with  the  stipe  axis. 
The  apertural  margins  of  all  thecae  are  slightly  concave. 

Remarks:  The  deflexed  form  of  the  rhabdosome  and  the  relatively  shallow 
and  open  character  of  the  inverted  V-shape  of  the  proximal  region  set  this  species 
apart  from  many  others.  The  species  is  closest  to  D.  deflexus  Elies  &  Wood  in 
rhabdosome  form  and  thecal  characteristics.  The  two  differ  in  that  D.  deflexus  has 
11  to  12  thecae  in  distal  portions  of  the  stipe  and  7  in  the  proximal  5  mm  whereas 
D.  v-deflexus  has  8  to  9  in  the  distal  portions  of  the  stipes  and  5  to  6  in  the  proximal 
5  mm.  Thecal  inclination  in  D.  deflexus  is  25°  to  30°,  whereas  it  is  30°  to  35°  in 
D.  v-deflexus.  Maximum  stipe  width  in  D.  deflexus  is  1  0  to  I  T  mm,  whereas  it 
is  somewhat  wider  in  D.  v-deflexus.  The  inverted  V-shape  in  the  proximal  region 
of  D.  v-deflexus  is  more  open  than  in  D.  deflexus. 

D.  v-deflexus  may  be  readily  distinguished  from  D.  v-fractus  Salter  because 
that  species  has  a  more  closed  and  deeper  inverted  V-shape  in  the  proximal  region 
of  the  rhabdosome  and  the  stipes  attain  a  maximum  width  of  2*2  to  2  5  mm. 
Rhabdosome  form,  as  Harris  (1924,  p.  94)  pointed  out,  serves  to  distinguish 
D.  v-deflexus  from  D.  uniformis  Elies  &  Wood  and  species  with  rhabdosomes  of 
similar  shape  because  rhabdosomes  of  such  species  are  essentially  horizontal  forms. 

Corymbograptus  v-fragosus  Obut  &  Sobolevskaya  is  similar  to  D.  v-deflexus 
in  rhabdosome  form.  The  stipes  are  thicker  in  C.  v-fragosus  than  in  D.  v-deflexus 
and  the  thecae  in  C.  v-fragosus  are  inclined  at  a  slightly  greater  angle  and  are 
slightly  more  closely  spaced  than  in  D.  v-deflexus. 

Nearly  all  characters  of  the  Marathon  Region,  Texas  specimens  of  D.  v-deflexus 
(Berry  1960b)  fall  within  their  range  in  variation  in  the  Victorian  types  of  the 
species.  The  differences  between  the  Victorian  types  and  the  Texas  specimens  are 
remarkably  slight. 

Suborder  Glossograptina  Jaanusson  1960 
?  Family  Glossograptidae  Lapworth  1873  (emend.) 

Genus  Paraglossograptus  Mu  in  Hsu  1959 

Type  Species:  Although  Hsu  (1959)  described  three  species  of  the  newly 
recognized  genus  Paraglossograptus ,  he  did  not  indicate  a  type  species  for  this 
genus  nor  did  he  state  that  Mu  had  selected  one  in  his  consideration  of  it  which 
had  not  been  published.  The  author  therefore  designates  Paraglossograptus  latus 
Hsu  (1959,  p.  189,  PI.  5,  fig.  5-6)  as  the  type  species  of  the  genus. 
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Discussion:  The  rhabdosomes  in  this  genus  are  biserial  scandent  forms  with 
a  virgula.  The  periderm  is  slightly  attenuated.  The  thecae  are  essentially  ortho- 
graptid  with  a  high  degree  of  overlap  and  spinose  apertures.  The  apertural  margins 
are  thickened  and  supported  by  a  list  in  the  specimens  studied.  Some  or  all  of  the 
apertural  spines  bifurcate  to  an  upwardly  and  a  downwardly  directed  part.  These 
parts  are  parallel  with  the  ventral  margin  of  the  rhabdosome  and  they  join  with 
one  another  to  form  a  Iacinia  on  the  sides  of  the  rhabdosome.  Secondary  spines 
may  project  from  the  vertical  portions  of  the  Iacinia,  commonly  at  the  position  of 
a  join  between  an  upwardly  directed  spine  portion  from  one  theca  and  the  down¬ 
wardly  directed  part  of  another  theca.  The  secondary  spines  are  oriented  at  a  high 
angle  to  the  primary  spine  portions  from  which  they  originate.  Proximal  end 
development  of  the  rhabdosomes  in  the  specimens  studied  is  similar  to  that 
diagrammed  by  Bulman  (1955,  p.  V63,  fig.  44)  for  Cryptographs  tricornis. 
Whether  the  stipe  arrangement  is  monopleural  or  dipleural  is  not  obvious  from  the 
specimens  available  for  study.  Mu  (1963,  p.  355)  indicated  that  typical  members 
of  this  genus  had  monopleural  stipe  arrangement.  The  Australian  specimens  studied 
are  very  similar  to  the  typical  members  of  the  genus  which  have  been  found  in 
China,  therefore  they  are  grouped  with  them  in  it. 

The  specimens  studied  and  referred  to  the  genus  Paraglossograptus  are  similar 
in  many  characteristics  to  members  of  the  genus  Glossograptus.  They  differ  from 
the  members  of  that  genus  in  possessing  a  Iacinia,  a  strengthening  list  along  the 
thecal  apertures,  and,  to  some  extent,  in  slight  attenuation  of  the  periderm.  They  do 
not  have  the  long  thecal  marginal  spines  that  typify  members  of  the  genus  Glosso¬ 
graptus.  They  may  or  may  not  have  monopleural  stipe  arrangement  as  members 
of  the  genus  Glossograptus  do  have. 

The  rhabdosome  form,  thecal  characteristics,  thecal  apertural  spinosity,  and 
at  least  some  proximal  end  features  seem  to  ally  the  specimens  studied  with  the 
genus  Glossograptus  in  the  Family  Glossograptidae.  Because  they  have  the  differ¬ 
ences  outlined,  however,  they  are  placed  in  a  separate  genus  which  appars  to  have 
been  derived  from  Glossograptus ,  as  noted  by  Mu  (1963,  p.  364),  by  the  down¬ 
bending  and  bifurcation  of  some  thecal  spines  and  the  loss  of  others  as  well  as  the 
addition  of  a  list  along  the  apertural  margin.  The  stipe  arrangement  remains  open 
to  question  in  the  specimens  studied.  If  they  do  have  monopleural  stipe  arrange¬ 
ment,  then  their  relationship  to  Glossograptus  is  more  clear  and  their  inclusion 
with  it  in  the  Family  Glossograptidae  justified.  If,  on  the  other  hand,  it  is  dipleural, 
they  would  belong  to  another  Family,  possibly  the  Lasiograptidae. 

At  present,  the  Australian  specimens  appear  to  comprise  a  distinct  phyletic 
group  which  probably  developed  from  a  member  of  the  genus  Glossograptus. 
Because  they  are  so  similar  to  the  Chinese  specimens  grouped  in  the  genus 
Paraglossograptus,  they  are  placed  with  them  in  that  genus,  and  that  genus  is  thus 
considered  a  phyletically  distinct  one,  a  clade. 

Paraglossograptus  etheridgei  (Harris  1924) 

(PI.  48,  fig.  3,  5,  6) 

1924  Lasiograptus  ( Thysanograptus )  etheridgei  Harris,  p.  98-99,  PI.  7,  fig.  3-7. 

1935  Lasiograptus  ( Thysanograptus )  etheridgei  Harris-Harris  &  Thomas,  p.  306,  fig.  2,  no.  28, 

1938  Lasiograptus  ( Thysanograptus )  etheridgei  Harris-Harris  &  Thomas,  PI.  2,  fig.  58. 

1960  Thysanograptus  etheridgei  Harris-Thomas,  PI.  6,  fig.  86. 

1960b  H allographs  etheridgei  (Harris) -Berry,  p.  95,  PI.  12,  fig.  6,  9b;  PI.  13,  fig.  4. 

1962  Lasiograptus  etheridgei  Harris-Skwarko,  p.  236,  Fig.  5  (14). 
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Holotype:  NMV  P14406;  paratypes  have  NMV  No.  P14417  and  P14421. 

Type  Locality  and  Horizon:  Harris  (1924,  p.  99)  recorded  the  type  speci¬ 
mens  from  4a  small  roadside  cutting  between  Secs.  95  and  98,  south  of  Old 
Racecourse  Hill,  Woodend’.  The  horizon  cited  by  him  is  in  the  upper  part  of  the 
Darriwil  series.  From  Harris’s  (1935)  later  discussion,  the  type  horizon  would 
appear  to  fall  in  the  Zone  of  Glyptograptus  intersitus  which  is  shown  by  Thomas 
(1960)  to  be  the  second  Zone  (D2)  of  the  Darriwil  series. 

Material:  The  holotype,  4  paratypes,  and  4  topotypes.  The  paratype  with 
NMV  No.  PI 44 17  is  from  Section  20,  Parish  of  Newham  (Geological  Survey  of 
Victoria  locality  Bb  29).  In  addition  to  the  types,  5  specimens  from  a  small  gutter 
on  the  SW.  side  of  the  ‘Strathfieldsaye-Sedgwick  road  about  1 1  chains  NW.  of 
SW.  corner  of  allot.  IB,  sect.  V,  Parish  of  Strathfieldsaye’  studied  by  Harris  & 
Thomas  (1935,  p.  307)  and  7  specimens  from  the  butts  of  the  Wellsford  Rifle 
Range  in  the  Parish  of  Sandhurst  collected  by  the  author  were  examined  in  this 
study.  They  were  not  used  in  the  description  given  below  as  that  was  drawn  from 
the  holotype,  paratypes,  and  topotypes.  One  of  the  specimens  from  the  Wellsford 
Rifle  Range  is  figured  (PI.  48,  fig.  6)  for  comparison  with  the  types.  It  has 
NMV  No.  P24026. 

Description:  The  rhabdosomes  are  biserial  scandent  forms  in  which  the 
periderm  appears  relatively  thin.  They  are  14  to  27  mm  long.  Their  width,  without 
thecal  spines,  is  1-3  to  15  mm  at  the  level  of  Th  l1  and  they  widen  to  2-8  to 
3  0  mm  at  5  mm  from  that  level  to  a  maximum  of  3  9  to  4  1  mm  which  is 
attained  at  a  distance  of  5i  to  7i  mm  from  the  level  of  Th  l1.  Some  forms  remain 
parallel-sided  for  the  remainder  of  their  extent.  Others  are  parallel-sided  for  much 
of  their  length  and  taper  slightly  in  their  distal  3  to  6  mm  to  a  width  of  3  T  to 
3  7  mm  at  their  distal  extremity.  The  holotype  and  one  paratype  taper  distally 
and  other  paratypes  and  topotypes  remain  parallel-sided  throughout.  Some  variation 
in  rhabdosome  form  thus  exists  among  the  typical  specimens  which  are  similar  in 
other  characteristics. 

The  thecae  are  orthograptid  in  type  and  they  alternate.  They  are  relatively 
similar  to  thecae  of  the  spinose  orthograpti  included  by  Elies  and  Wood  (1907, 
p.  223-233)  in  Group  I.  The  thecae  number  6  to  6}  in  the  proximal  5  mm,  11  to 
12  in  the  proximal  10  mm,  and  9  to  10  in  the  distal  10  mm.  They  are  17  to 
19  mm  long  and  they  overlap  0  8  to  0  9  mm.  The  free  portions  of  their  ventral 
walls  are  straight  for  the  greater  part  of  their  extent  and  are  inclined  to  the 
rhabdosome  axis  at  10°  or  less.  Those  in  the  medial  part  of  the  rhabdosome  appear 
vertical  in  most  specimens.  The  free  ventral  wall  near  the  apertural  margin  curves 
markedly  to  horizontal  or  within  a  few  degrees  of  it  as  it  joins  the  apertural  margin. 
The  apertural  margins  are  strengthened  by  a  list  which  is  relatively  thick  near  the 
ventral  margin  of  the  rhabdosome. 

All  of  the  thecal  apertures  are  spinose.  The  spines  are  variable  in  size  and 
shape  within  any  one  rhabdosome  and  no  consistent  pattern  of  spine  arrangement 
is  obvious  in  any  one  rhabdosome  or  from  rhabdosome  to  rhabdosome.  Some  spines 
are  3  to  4  mm  long,  are  inclined  to  the  rhabdsosome  axis  at  a  high  angle,  and  are 
straight  or  slightly  curved.  They  do  not  appear  to  bifurcate.  Their  distal  portions  may 
curve  downward  to  such  an  extent  that  they  fuse  with  thecal  spines  of  thecae  beneath 
them.  These  spines  have  been  termed  ‘normal  apertural  spines’  by  Hsu  (1959, 
p.  173,  Fig.  3).  Other  apertural  spines  are  shorter,  being  10  to  1*3  mm  long,  and 
they  appear  to  bifurcate  to  two  vertically-oriented  portions  one  of  which  is  upwardly 
directed  and  the  other  downwardly.  The  vertical  portions  extend  upward  and  down- 
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ward  to  join  a  long  ‘normal  apertural  spine’,  a  vertical  portion  from  another  short 
spine,  or  the  down-bent  portion  of  an  intermediate  length  spine.  The  vertical 
portions  of  these  spines  join  with  each  other  to  form  a  lacinia  on  the  sides  of  the 
main  body  of  the  rhabdosome.  The  lacinia  is  approximately  1  to  T5  mm  from  the 
ventral  margin  of  the  rhabdosome.  The  long  ‘normal’  apertural  spines  and  the  short 
bifurcating  spines  are  the  most  common  spines  on  the  rhabdosome.  Some  spines 
of  intermediate  length  may  also  be  present.  Their  distal  portions  commonly  curve 
downward  to  join  a  long  spine.  In  addition,  some  of  these  intermediate  length 
spines  appear  to  have  given  rise  to  two  or  three  downwardly-directed  offshoots 
which  join  a  long  spine  as  do  their  distal  tips.  The  long  and  the  short-bifurcating 
are  the  most  commonly  observed  types  of  apertural  spines.  The  intermediate  type  is 
relatively  rare  in  this  species.  In  most  rhabdosomes,  all  the  proximal  thecae  give 
rise  to  either  the  short-bifurcating  or  the  long  type  of  apertural  spine.  In  the 
medial,  and  particularly  in  the  distal,  portions  of  the  rhabdosome,  however,  the 
two  types  may  alternate  or  two  or  three  short  bifurcating  types  may  occur  between 
each  long  normal  type.  The  intermediate  length  apertural  spine  may  or  may  not 
appear  in  any  one  rhabdosome.  If  such  spines  are  present,  they  rarely  occur  on 
both  sides  of  the  rhabdosome.  If  they  do,  they  originate  from  thecae  at  different 
levels.  The  same  type  of  spine  may  not  occur  on  opposing  thecae. 

Rarely,  a  secondary  spine  may  originate  from  the  vertical  portion  of  one  of  the 
short  bifurcating  spines.  Secondary  spines  are  slightly  curved  and  1  to  3  mm  long. 
They  appear  to  originate  at  or  near  the  join  of  the  upwardly  and  downwardly 
directed  vertical  portions  of  two  short-bifurcating  spines. 

The  sicula  structure  appears  to  be  1  3  to  1  5  mm  long  and  0  7  to  1  0  mm  wide 
at  its  aperture.  It  is  similar  to  that  diagrammed  by  Bulman  (1955,  p.  V63,  Fig.  44) 
for  Cryptograptus  tricornis  in  the  presence  of  lists  that  appear  to  outline  and 
support  the  sicula.  The  area  of  the  sicula  aperture  is  surounded  by  a  ring-like 
structure  composed  of  lists  from  which  two  downwardly-directed  Y-shaped  spines 
and  two  lateral  spines  originate.  The  Y-shaped  spines  are  centrally  located  and 
0-5  to  0  75  mm  long.  The  lateral  spines  are  0  5  to  0  9  mm  long,  straight,  and 
make  a  20°  to  30°  angle  with  the  rhabdosome  axis.  Budding  from  the  sicula  is 
not  clear  in  the  specimens  studied.  Both  Th  l1  and  l2  appear  to  have  been  closely 
pressed  against  the  sicula  for  the  greater  part  of  their  length  and  to  have  bent 
obliquely  upward  in  their  apertural  portions. 

The  rhabdosomes  have  a  stout  virgula  that  is  0  2  to  0  35  mm  wide  and  although 
commonly  broken,  is  at  least  2  mm  long.  A  relatively  stout  median  septum  may 
be  seen  in  most  rhabdosomes.  It  begins  at  the  level  of  the  fourth  thecal  aperture.  * 

Remarks:  The  forms  in  which  the  rhabdosomes  taper  distally  are  identical  to 
those  with  parallel-sided  rhabdosomes  in  all  other  characteristics,  thus  the  two 
types  of  rhabdosome  are  included  in  the  same  species.  Also,  although  some  speci¬ 
mens  have  few  or  no  long  normal  or  intermediate  length  spines  and  others  have 
relatively  numerous  intermediate  length  spines  with  varying  numbers  of  offshoots, 
all  other  characteristics  of  the  rhabdosomes  are  the  same.  The  species  is  thus 
considered  to  be  somewhat  variable  in  regard  to  rhabdosome  form  and  apertural 
spine  type  and  arrangement.  The  typifying  characteristics  of  this  species  in  com¬ 
parison  with  others  of  the  same  genus  are  considered  to  be  the  maximum  width 
(3-9  to  4  1  mm),  the  number  of  thecae  in  10  mm  (9  in  10  mm  distally  and  11  to 
12  in  10  mm  proximally),  and  the  distinctly  Cryptograptus- like  list  structure  about 
the  sicula.  P.  regularis  Hsu  is  perhaps  most  nearly  like  P.  etheridgei  but  differs  in 
being  more  slender  (3  mm)  and  if  a  list  structure  similar  to  that  in  P.  etheridgei 
is  present  at  the  proximal  end,  the  arrangement  and  size  of  the  lists  and  spines 
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appear  to  differ.  P.  typicalis  appears  to  have  more  thecae  and  to  be  slightly  more 
slender.  P.  latus  Hsu  has  more  thecae  and  does  not  appear  to  have  a  list  structure 
at  the  proximal  end  similar  to  that  in  P.  etheridgei .  P.  multifibratus  Hsu  and  its 
variety  are  both  more  slender  than  P.  etheridgei .  _r  „  f  - 

Some  of  the  specimens  from  Strathfieldsaye  and  those  from  Wellsford  are 
similar  to  the  types  with  the  exception  that  they  are  not  as  wide.  Most  of  ttese 
specimens  are  a  maximum  width  of  3  0  mm,  but  some  are  only  2  5  mm  wide.  The 
thinnest  specimens  have  6±  to  1  thecae  in  their  proximal  5  mm  and  10  in  the 
distal  10  mm.  The  specimens  with  a  maximum  width  of  3  mm  are  similar  to  the 
tvpes  in  all  other  characteristics.  They  might  be  referred  to  P.  regularis  Hsu  but 
the  proximal  features  of  that  species  are  not  clear  whereas  those  in  the  specimens 
studied  are  clearly  those  described  for  the  typical  material  of  P.  etheridgei.  A  more 
extensive  study  of  all  specimens  of  P.  etheridgei  obtained  from  all  localities  is 
needed  to  ascertain  whether  or  not  the  thinner  forms  are  subspecifically  or  perhaps 
only  infra-subspecifically  distinct  from  those  at  the  Woodend  locality.  The  Marathon 
Region  Texas  specimens  are  similar  to  those  with  maximum  width  of  3  0  mm 
from  Strathfieldsaye,  and  the  New  Zealand  specimens  referred  to  P.  etheridgei  by 
Skwarko  (1962,  p.  236,  Fig.  5  (14))  are  similar  to  the  thinnest  specimens  (those 
with  maximum  width  of  2  5  mm).  For  the  present,  all  of  these  forms  are  tentatively 
retained  within  the  species,  but  they  may  be  subspecies  within  this  species. 

The  forms  referred  here  to  Paraglossograptus  etheridgei  have  in  the  past  been 
referred  to  both  Lasiograptus  (Harris  1924;  and  Harris  &  Thomas  1935)  and 
Hallograptus  (Berry  1960b).  They  may  readily  be  distinguished  from  Lasiograptus 
by  their  essentially  orthograptid  thecae  because  thecae  in  Lasiograptus  are  amplexo- 
graptid  Hallograptus  has  orthograptid  thecae  that  are  spinose  but  it  does  not  have 
lacinia.  P.  etheridgei  has  a  proximal  end  structure  similar  to  that  in  Cryptograptus 
tricornis  whereas,  as  far  as  is  known,  both  Lasiograptus  and  Hallograptus  have 
diplograptid  development.  Further,  both  Lasiograptus  and  Hallograptus  have 
dipleural  stipe  arrangement  whereas  P.  etheridgei  may  not.  Jaanusson  (1960, 
p  336)  initially  suggested  that  this  species  ‘seems  to  belong  to  the  genus  Paraglosso¬ 
graptus  (Mu  in  Hsu  1959)’.  Jackson  (1964,  p.  527)  followed  this  suggestion. 

Suborder  Diplograptina  Lapworth  1880  (emend.) 

Family  Diplograptidae  Lapworth  1873 
Genus  Diplograptus  McCoy  1850 
Diplograptus  ingens  T.  S.  Hall  1906 
(PI.  49,  fig.  1,  2,  7) 

1906  Diplograptus  ingens  T.  S.  Hall,  p.  276,  PI.  34,  fig.  7.  ,  _  . 

1938  Diplograptus  (?  Mesograptus)  ingens  T.  S.  Hall-Harris  &  Thomas,  PL  3,  tig.  1U1. 

1955  Diplograptus  ( Mesograptus )  ingens  T.  S.  Hall-Harris  &  Thomas,  p.  37,  fig.  30. 

1960  Diplograptus  (sen.  st.)  ingens  T.  S.  Hall-Thomas,  PI.  10,  fig.  131. 

Lectotype:  Hall  (1906)  did  not  designate  a  holotype  for  this  species  in 
publication.  He  (1906,  PI.  34,  fig.  7)  figured  one  specimen  which  is  designated 
herein  the  lectotype.  The  specimen  has  NMV  No.  PI 4272. 

Type  Locality  and  Horizon:  Hall  (1906,  p.  274)  stated  that  the  type  sped- 
mens  came  ‘from  three-quarters  of  a  mile  north-west  of  Mount  Easton .  The  locality 
was  given  the  designation  F  23.  The  horizon  from  which  the  types  came  is  within 
the  Eastonian  and  is  probably  from  the  upper  part  of  it,  the  Zone  of  Dicrano - 
graptus  hians. 
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Material:  The  lectotype  and  15  topotypes. 

Description:  These  biserial  scandent  rhabdosomes  are  30  to  60  mm  long. 
They  widen  from  0  4  to  0  7  mm  at  Th  l1  to  2  0  to  2-4  mm  at  5  mm  from 
Th  l1,  to  4  2  to  5  0  mm  at  10  mm  from  Th  l1,  to  a  maximum  of  7  0  to  7-4  mm 
which  is  attained  15  to  20  mm  from  Th  l1.  The  rhabdosomes  maintain  their 
maximum  width  for  most  of  the  remainder  of  their  length,  but  they  taper  slightly 
in  the  distal  10  mm  to  a  width  of  6  0  to  6  5  mm  at  their  distal  extremities." The 
rhabdosomes  are  thus  distinguished  by  marked  tapering  in  the  proximal  10  mm  to 
a  very  slender  origin.  The  gradual  rhabdosome  widening  in  the  initial  10  mm  then 
rapid  widening  in  the  next  5  to  10  mm  and  the  slight  distal  tapering  make  the 
rhabdosome  shape  of  this  species  distinctive. 

The  thecae  number  6  in  the  proximal  5  mm  and  11  to  12  in  the  proximal 
10  mm.  They  number  9  to  10  in  10  mm  in  medial  and  distal  portions  of  the 
rhabdosome. 

The  proximal  6  to  1 1  thecae  on  each  side  of  the  rhabdosome  are  essentially 
climacograptid  in  shape.  Their  genicular  angles  are  90°,  and  the  supragenicular 
portions  of  the  free  ventral  walls  of  these  thecae  are  straight,  vertical  in  the  most 
proximal  thecae  and  inclined  to  the  rhabdosome  axis  at  an  angle  less  than  12° 
in  the  more  distal  ones,  and  0  6  to  0*75  mm  long.  The  apertural  excavations  of 
these  thecae  are  01  to  0  2  mm  deep  and  0  15  to  0  25  mm  high  at  the  ventral 
margins  of  the  rhabdosome. 

The  thecae  distal  from  the  climacograptid  ones  are  essentially  glyptograptid  in 
form  but  with  very  gently  curving  ventral  walls.  They  are  inclined  to  the  rhab¬ 
dosome  axis  at  a  30°  to  45°  angle  and  most  are  inclined  at  a  35°  to  40°  angle. 
Those  thecae  more  distal  than  15  mm  from  Th  l1  are  5  5  to  6  0  mm  long,  0  f  to 
0-8  mm  wide,  and  overlap  %  to  %  their  length.  The  apertural  margins  are  straight 
to  slightly  concave  and  they  make  a  50°  to  70°  angle  with  the  ventral  wall. 

The  sicula  was  not  observed.  A  short  virgula  up  to  1  mm  in  length  extends 
from  the  sicula  aperture. 

A  short,  slender  virgula  is  present.  A  median  septum  is  also  present.  It  appears 
to  originate  at  the  level  of  the  first  glyptograptid  theca  and  to  continue  throughout 
the  remainder  of  the  thecate  part  of  the  rhabdosome. 

Remarks:  The  distinctive  proximal  end  and  rate  of  widening  set  this  species 
apart  from  other  diplograptids.  The  rhabdosomes  of  this  species  are  wider  than 
those  of  most  other  diplograptids.  Harris  &  Thomas  (1955)  recognized  a  variety 
of  this  species  (var.  wellingtonensis )  which  is  thinner  and  has  more  thecae  in  10  mm 
than  the  typical  forms.  The  variety  occurs  with  the  typical  forms  at  Mt  Easton  and 
it  is  also  present  in  collections  from  the  Wellington  R.  area. 

Genus  Orthograptus  Lap  worth  1873 
Orthograptus  truncatus  var.  abbreviatus  (Elies  &  Wood  1907) 

(PI.  48,  fig.  2,  4) 

1902  Diplograptus  carnei  T.  S.  Hall  (pars  ?),  p.  53,  PI.  12,  fig.  6. 

1907  Diplograptus  ( Orthograptus )  truncatus  var.  abbreviatus  Elies  &  Wood,  p.  235-236 

Fig.  155  a-d;  PL  29,  fig.  6  a-e. 

Locality:  The  specimens  came  from  Stockyard  Ck,  Wellesley  County,  New 
South  Wales.  The  horizon  there  is  within  the  Zone  of  Dicellograptus  cf.  D.  com - 
planatus  which  is  the  youngest  of  the  Australian  Ordovician  and  the  younger  of 
the  two  zones  of  the  Bolindian. 


SOME  VICTORIAN  ORDOVICIAN  GRAPTOLITES 


437 


Material:  8  specimens  in  the  collections  of  the  National  Museum  of  Victoria 
were  examined  closely.  These  had  been  identified  as  Diplograptus  carnei  and  were 
topotypes  of  that  species  described  by  Hall  (1902). 

Description:  The  rhabdosomes  are  15  to  23  mm  long.  They  widen  from 
0-6  to  0  8  mm  at  the  aperture  of  Th  l1  to  18  to  21  mm  at  5  mm  from  that  level, 
to  2*3  to  2*6  mm  at  10  mm  from  that  level,  and  to  2  8  to  3*  1  mm  at  15  mm  from 
that  level.  They  remain  the  maximum  width,  after  attaining  it,  for  the  remainder  of 
their  length. 

The  thecae  number  6i  to  7  in  the  initial  5  mm,  13  in  the  initial  10  mm,  and 
13  in  10  mm  distally.  They  are  1*8  to  2*0  mm  long,  0  5  to  0*65  mm  wide  at  their 
apertures,  and  overlap  TO  to  12  mm.  They  widen  slightly  towards  their  apertures. 
They  are  inclined  at  a  35°  to  50°  angle  to  the  rhabdosome  axis.  The  thecal  walls 
are  essentially  straight  and  the  thecae  have  a  sort  of  tubular  form  in  which  the 
apertural  end  is  wider  than  the  inner  portion.  The  apertural  margins  are  straight  and 
normal  to  the  ventral  walls. 

The  sicula  has  a  short  virgella.  Both  Th  l1  and  l2  have  short  mesial  spines 
that  are  up  to  0*5  mm  long. 

Remarks:  Examination  of  a  few  of  Hall’s  (1902)  topotypes  of  Diplograptus 
carnei  in  the  collections  of  the  National  Museum  of  Victoria  has  shown  them  to  be 
orthograptids  of  the  O.  truncatus  group  and  to  fall  within  the  range  in  variation  of 
British  specimens  of  that  group  designated  O.  truncatus  var.  abbreviatus  by  Elies  & 
Wood  (1907).  Keble  &  Benson  (1939,  p.  81),  Ruedemann  (1947,  p.  403),  and 
Harris  &  Thomas  (1955,  p.  35)  all  expressed  the  opinion  that  D.  carnei  should  be 
considered  a  member  of  the  O.  truncatus  group.  Their  opinion  is  supported  by  this 
examination  of  a  few  of  Hall’s  (1902)  topotypes  of  D.  carnei . 

The  specimens  examined  have  a  maximum  width  of  3  *1  mm  whereas  Hall 
(1902,  p.  53)  indicated  a  maximum  width  of  3  5  mm  for  D.  carnei.  He  also  noted 
10  to  11  thecae  in  10  mm  for  D.  carnei  and  the  specimens  examined  have  13  in 
10  mm.  The  specimens  studied  are  remarkably  similar  to  those  of  O.  truncatus  var. 
abbreviatus  figured  by  Elies  &  Wood  (1907,  PI.  20,  fig.  b  a-e).  Thecae  in  the 
British  specimens  commonly  number  10  or  11  in  10  mm  in  distal  portions  of  the 
rhabdosome  but  they  do  number  as  many  as  12  or  13  in  10  mm  in  this  part 
of  the  rhabdosome  in  some  specimens.  Aside  from  the  fact  that  the  number  of 
thecae  in  10  mm  is  commonly  slightly  greater  in  the  Australian  specimens  than  in 
the  British,  they  are  very  similar  in  all  features  and  thus  if  further  study  of  all 
specimens  of  Hall’s  (1902)  D.  carnei  reveal  them  to  be  as  similar  to  O.  truncatus 
var.  abbreviatus  as  the  specimens  examined  are,  then  D.  carnei  and  O.  truncatus 
var.  abbreviatus  are  synonyms. 

Genus  Climacograptus  J.  Hall  1865 
Climacograptus  bicornis  subspecies  longispina  T.  S.  Hall  1902 

(PI.  49,  fig.  3,  4) 

1902  Climacograptus  bicornis  var.  longispina  T.  S.  Hall,  p.  54,  PI.  12,  fig.  8,  9. 

1963  Climacograptus  bicornis  var.  longispina  T.  S.  Hall-Ross  &  Berry,  p.  118,  PI.  8,  fig.  13. 

Lectotype:  Hall  (1902)  did  not  designate  a  holotype  in  his  publication  from 
among  the  specimens  he  had  available  for  study.  The  author  designates  the  speci¬ 
men  figured  by  Hall  (1902)  on  PI.  12,  fig.  8  as  the  lectotype.  It  has  the  number 
F46106  in  the  collections  of  The  Australian  Museum,  Sydney. 

Type  Locality  and  Horizon:  Stockyard  Ck,  Wellesley  County,  New  South 
Wales.  The  typical  specimens  are  from  the  Zone  of  Dicellograptus  cf.  D.  com - 
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planatus  which  is  the  youngest  graptolite  zone  in  the  Australian  Ordovician  and 
the  younger  of  the  two  zones  in  the  Bolindian. 

Material:  The  lectotype  and  18  topotypes. 

Description:  The  rhabdosomes  are  up  to  40  mm  in  length.  They  widen  from 
0  8  to  0  95  mm  at  the  aperture  of  Th  l1  to  14  to  T65  mm  at  5  mm  from  that 
level,  to  2  0  to  2  1  mm  at  10  mm  from  that  level,  to  2  0  to  2*3  mm  at  15  mm 
from  that  level.  The  maximum  width  attained  by  most  specimens  is  2  0  mm,  and 
it  is  commonly  attained  9  to  11  mm  from  the  level  of  Th  l1.  A  few  specimens 
continue  to  widen  to  a  maximum  width  of  as  much  as  2  3  mm  at  15  to  17  mm 
from  the  level  of  Th  l1.  The  rhabdosomes  are  parallel-sided  for  the  remainder  of 
their  extent  after  attainment  of  maximum  width. 

The  thecae  number  6  in  the  proximal  5  mm,  11  in  the  proximal  10  mm,  and 
9i  to  10  in  10  mm  in  distal  portions  of  the  rhabdosome.  The  genicular  angle  is 
90°  and  the  supragenicular  portions  of  the  free  ventral  walls  are  parallel  to  the 
rhabdosome  axis.  The  supragenicular  portions  of  the  ventral  walls  in  those  thecae 
more  than  10  mm  from  the  level  of  Th  l1  are  0  85  to  0  9  mm  long.  The  apertural 
margins  are  straight  and  normal  to  the  rhabdosome  axis.  The  apertural  excavations 
are  relatively  narrow,  deep  slits.  They  are  0  15  to  0  2  mm  high  and  0  45  to 
0-55  mm  deep. 

The  sicula  was  not  observed.  The  proximal  end  has  two  distinctive  spines  which 
curve  outward  and  downward  from  the  level  of  the  sicula  aperture.  The  spines  are 
5  to  10  mm  long  and  0  5  to  0  6  mm  wide  at  their  origin.  Each  diverges  from  the 
level  of  the  sicula  aperture  and  makes  an  initial  angle  of  65°  to  70°  with  the 
rhabdosome  axis.  The  spines  then  curve  outward  and  downward  so  that  their  distal 
portions  are  parallel  to  each  other  and  oriented  vertically.  The  outward  curvature 
of  the  spines  and  their  ultimate  orientation  to  each  other  are  characteristic  features 
of  this  form. 

Remarks:  The  spine  orientation  and  curvature  clearly  set  this  form  apart  from 
typical  members  of  C.  bicomis.  Closely  similar  forms  have  been  found  in  the  Basin 
Ranges  in  the  western  United  States  (Ross  &  Berry  1963). 

Specimens  from  the  Basin  Ranges  described  by  Ross  &  Berry  (1963,  p.  118, 
PI.  8,  fig.  13)  as  C.  bicomis  var.  longispina  are  slightly  wider  than  the  Australian 
specimens  for  they  widen  to  a  maximum  of  2  5  mm  and  the  thecal  number  is 
slightly  different,  being  8  to  10  in  10  mm  in  the  American  specimens  and  9£  or 
10  to  11  in  10  mm  in  the  Australian  specimens.  The  American  specimens  widen 
at  the  same  rate  as  the  Australian  and  the  characteristic  spines  are  similar  in  shape 
and  orientation.  The  spines  in  the  American  specimens  are  commonly  slightly 
longer  than  they  are  in  the  Australian,  although  they  are  identical  in  dimensions  in 
a  few  specimens  from  both  places.  The  American  specimens  are  so  similar  that 
they  may  best  be  considered  to  represent  a  local  population  of  this  form  with  its 
distinctive  rhabdosome  shape  and  spine  curvature.  The  degree  of  difference  between 
the  American  and  Australian  forms  appears  to  be  of  the  magnitude  of  but  a  local, 
and  to  some  extent  geographically  isolated,  population  in  a  much  larger  more 
inclusive  population.  The  American  and  Australian  forms  were  probably  in  exist¬ 
ence  at  the  same  time,  as  nearly  as  may  be  reckoned  from  correlations  based  upon 
species  associated  with  each. 

The  specimens  designated  C.  hvalross  by  Ross  &  Berry  (1963,  p.  124-125, 
PI.  8,  fig.  19,  26,  27)  are  also  similar  to  C.  bicomis  subsp.  longispina.  The  rhab¬ 
dosomes  in  C.  hvalross  widen  at  the  same  rate  as  those  in  C.  bicomis  subsp. 
longispina.  Those  of  C.  hvalross  attain  a  maximum  width  of  2  0  mm  in  9  mm 
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from  the  proximal  end  and  they  are  parallel-sided  thereafter.  The  majority  of  the 
topotypes  of  C.  bicornis  subsp.  longispina  similarly  attain  a  maximum  width  of 
2  0  mm  in  9  to  10  mm  from  the  proximal  end,  and  they  are  parallel-sided  for  the 
remainder  of  their  extent.  The  thecae  in  C.  hvalross  number  14  in  the  initial 
10  mm  and  12+  in  10  mm  in  distal  portions  of  the  rhabdosome  whereas  the  thecae 
number  11  in  the  proximal  10  mm  and  9+  to  10  in  the  distal  portions  of  the 
rhabdosome  in  C.  bicornis  subsp.  longispina.  The  free  ventral  portions  of  the  thecal 
walls  in  C.  hvalross  appear  to  be  slightly  inclined  to  the  rhabdosome  axis  and  the 
genicular  angle  is  not  sharply  angular  but  somewhat  rounded.  The  spines  in 
C.  hvalross  have  the  same  curvature  as  those  in  C.  bicornis  subsp.  longispina.  The 
spines  of  the  two  forms  differ  in  that  those  in  C.  hvalross  are  thickened  by  a 
membranous  covering  for  approximately  one-half  their  length  whereas  those  in 
C.  bicornis  subsp.  longispina  are  not.  Without  membranous  covering,  the  spines  in 
C.  hvalross  would  be  slightly  thinner  than  those  in  C.  bicornis  subsp.  longispina. 

The  differences  in  thecal  characteristics  may  be  sufficient  to  separate  C.  hvalross 
as  a  species  distinct  from  members  of  the  C.  bicornis  group.  If  so,  then  convergence 
may  be  noted  in  the  characteristic  curvature  of  the  spines  seen  in  both  C.  hvalross 
and  C.  bicornis  subsp.  longispina.  The  membranous  covering  about  the  spines  in 
C.  hvalross  is  a  feature  not  seen  in  C.  bicornis  subsp.  longispina  and  may  also  be 
used  to  distinguish  the  two.  Unfortunately,  preservation  of  the  specimens  of  both 
C.  hvalross  and  C.  bicornis  subsp.  longispina  is  such  that  precise  comparison  of 
thecal  detail  is  not  possible,  and  the  possibility  exists  that  the  two  may  not  belong 
to  separate  species. 

Climacograptus  riddellensis  Harris  1924 
(PI.  50,  fig.  1-5) 

1924  Climacograptus  riddellensis  Harris,  p.  100-101,  PI.  8,  fig.  11,  12. 

1960b  Climacograptus  riddellensis  Harris-Berry,  p.  82,  PI.  14,  fig.  9,  10. 

Type  Locality  and  Horizon:  Geological  Survey  of  Victoria  locality  Ba  67 
which  is  at  the  junction  of  Riddell’s  and  Jackson’s  Creeks,  6i  miles  N.  86°E.  from 
the  centre  of  Gisborne,  Victoria.  The  beds  at  that  locality  are  in  the  Zone  of 
Glyptograptus  teretiusculus,  the  youngest  of  the  Darriwilian  zones. 

Material:  55  topotypes. 

Description:  The  rhabdosomes  are  30  to  40  mm  long.  They  are  0  6  to 
0  9  mm  wide  at  the  aperture  of  Th  l1  and  they  widen  to  1  2  to  1-5  mm  at  5  mm 
from  that  level  to  their  maximum  width  within  8  to  10  mm  from  that  level.  The 
maximum  width  attained  in  uncrushed  specimens  preserved  in  full  view  is  1  1  to 
2  0  mm.  Many  specimens  appear  to  be  somewhat  crushed  in  from  the  sides  or 
are  preserved  in  a  sub-scalariform  view.  Maximum  width  of  these  specimens  is 
commonly  14  to  15  mm.  The  maximum  width  is  maintained  for  much  of  the 
extent  of  the  medial  part  of  the  rhabdosome.  The  rhabdosomes  taper  in  the  distal 
8  to  10  mm  to  a  width  of  1  -2  to  1  -5  mm  at  their  distal  extremity.  The  rhabdosomes 
thus  have  an  elongate  fusiform  shape  in  which  the  medial  portion  is  parallel-sided. 

The  thecae  number  6i  to  7  in  the  proximal  5  mm,  12  to  13  in  the  proximal 
10  mm,  and  10  to  1 1  in  10  mm  in  the  distal  portion  of  the  rhabdosome.  The  thecae 
are  slightly  alternate  in  position.  They  have  marked  sigmoidal  curvature.  The 
genicular  angle  is  90°.  The  infrageniculum  in  thecae  in  the  medial  portion  of  the 
rhabdosome  is  normal  to  the  rhabdosome  axis  at  the  ventral  margin  and  it  is 
strengthened  by  a  list.  The  supragenicular  portion  of  the  free  ventral  wall  is  straight, 
parallel  to  the  rhabdosome  axis,  and  0  75  to  0  8  mm  long.  The  apertural  excavations 
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are  pouch-shaped.  Those  of  thecae  in  the  medial  and  distal  parts  of  the  rhabdosome 
are  0-2  to  0-25  mm  high  at  the  ventral  margin  of  the  rhabdosome  and  they  curve 
downward  into  the  rhabdosome  for  a  distance  of  0  3  to  0  4  mm.  They  maintain 
a  width  of  0  2  to  0  3  mm  throughout  their  extent.  The  deepest  part  of  the 
excavation  is  0  45  to  0  5  mm  in  from  the  ventral  wall  of  the  rhabdosome. 

The  sicula  is  approximately  10  mm  long  and  0  2  to  0  3  mm  wide  at  its 
aperture.  A  thin  virgella  0  5  to  2  0  mm  long  extends  down  from  the  sicula  aperture. 
Th  l1  appears  to  have  arisen  from  the  medial  or  apertural  portion  of  the  sicula  and 
to  have  grown  downward  for  a  very  short  distance  before  turning  upward.  It  grew 
upward  for  the  greater  part  of  its  extent.  Th  l2  appears  to  have  arisen  from  a 
medial  position  on  Th  l1,  to  have  grown  across  the  sicula  and  turned  upward 
The  greatest  part  of  its  length  is  oriented  upward.  Proximal  end  development  appears 
to  have  been  essentially  prosoblastic  in  type.  No  features  were  seen  that  would 
suggest  the  streptoblastic  type  of  development. 

A  median  septum  is  present  that  arises  at  the  level  of  the  aperture  of  Th  21 
The  median  septum  is  straight  throughout  its  extent.  A  thin  virgula  extends  above 
the  thecate  part  of  the  rhabdosome. 

Remarks:  The  fusiform  rhabdosome  shape  and  pouch-shaped  apertural  ex¬ 
cavations  characterize  this  species.  Unlike  other  climacograptids  with  similar  aper¬ 
tural  excavations,  this  species  has  a  straight  median  septum,  straight  supragcnicular 
portions  of  the  ventral  thecal  walls,  and  apparently  prosoblastic  type  development 
The  only  feature  in  which  this  species  resembles  members  of  the  Genus  Pseudo- 
climacogr apt  us,  to  which  genus  it  was  assigned  by  Jaanusson  (1960,  p.  325)  js 
the  pouch-shape  of  the  apertural  excavations.  The  differences  in  median  septum 
shape,  form  of  the  supragenicular  portions  of  the  ventral  thecal  walls,  and  proximal 
end  development  distinguish  it  from  members  of  the  Genus  Pseudoclimacograptus. 
It  is  retained  within  the  Genus  Climacograptus  at  present  as  it  belongs  to  a  phyletic 
lineage  distinct  from  that  including  Pseudoclimacograptus.  Convergence,  which  may 
have  some  adaptive  significance  in  a  specific  environmental  situation,  is  thus  seen 
in  the  character  of  apertural  excavation  shape  as  it  appears  in  C.  riddellensis  and 
in  some  members  of  the  Genus  Pseudoclimacograptus. 

Many  rhabdosomes  of  this  species  are  preserved  in  a  sub-scalariform  view 
These  specimens  are  slightly  thinner  than  those  preserved  in  full  view  and  their 
apertural  excavations  are  elliptical  and  appear  to  touch  the  median  septum.  The 
pouch-shape  of  the  excavations  may  commonly  be  noted  on  one  side  of  such 
specimens. 

The  specimens  figured  herein  are  topotypes  collected  by  the  author.  They  have 
been  included  primarily  for  comparison  with  specimens  of  Pseudoclimacograptus 
scharenbergi  obtained  from  the  same  exposures. 

The  Marathon  Region,  Texas  specimens  of  C.  riddellensis  (Berry  1960b  p  82) 
are  similar  in  all  details  to  the  Victorian  specimens  and  clearly  fall  within  the  range 
in  variation  in  all  characters  of  the  Victorian  typical  specimens.  Many  of  the 
specimens  included  in  the  species  by  Ross  &  Berry  (1963)  from  the  North  American 
Great  Basin  also  fall  within  the  range  in  variation  of  the  Victorian  typical  specimens. 

Genus  Pseudoclimacograptus  Pfibyl  1947 

Type  Species:  Climacograptus  scharenbergi  Lapworth  1876. 

Pribyl  (1947,  p.  21)  described  this  genus  as  follows:  ‘Rhabdosome  straight, 
with  zig-zag  median  septum,  which  divides  the  rhabdosome  in  the  middle  into  two 
parallel  series  of  thecae.  The  median  septum  is  connected  under  an  angle  on  each 
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side  by  transverse  strengthening  rods  with  the  interthecal  septum’.  He  went  on  to 
point  out  that  the  thecae  were  markedly  curved,  that  the  free  portions  of  the 
ventral  walls  had  convex  curvature,  and  that  the  apertural  margins  were  introtorted. 
Pribyl  pointed  particularly  to  the  zig-zag  form  of  the  median  septum  and  the  fact 
that  horizontal  rods  which  projected  from  the  angles  of  it  joined  the  interthecal 
septa.  He  (1947)  figured  two  forms  among  his  figures  of  P.  scharenbergi ,  the 
genotype  of  the  new  genus.  One  (PI.  2,  fig.  10)  is  of  a  specimen  in  which  the 
horizontal  rods  do  not  join  the  interthecal  septa.  In  all  the  other  forms  figured 
(PI.  1,  fig.  2;  PI.  2,  fig.  2,  3,  4,  5,  6),  the  horizontal  rods  do  join  the  interthecal 
septa. 

Jaanusson  (1960,  p.  326)  noted  that  ‘the  shape  of  the  median  septum  does 
not  seem  to  be  a  sufficiently  stable  feature  to  serve  as  the  basis  of  the  definition  of 
a  genus’.  He  noted  that  some  species  with  thecal  characteristics  of  Pseudoclimaco¬ 
graptus  had  median  septa  that  began  with  zig-zag  form  and  became  undulating  and 
others  had  an  undulatory  to  straight  median  septum.  Jaanusson  (1960,  p.  326) 
went  on  to  state  that:  ‘The  feature  which  in  the  present  writer's  opinion  characterizes 
the  group  of  species  included  here  in  Pseudoclimacograptus  is  the  distinctly  convex 
supragenicular  wall  of  the  thecae  and  deep  thecal  excavations’. 

Typical  specimens  of  Pribyl’s  genotype  for  this  genus  have  (cf.  Elies  &  Wood 
1906,  p.  206-208,  PI.  27,  fig.  14  a-e)  zig-zag  median  septa,  marked  sigmoidal 
curvature  of  the  thecae,  slight  convex  curvature  of  the  free  portions  of  the  ventral 
thecal  walls,  moderately  wide  and  deep  apertural  excavations,  and  horizontal  pro¬ 
jections  from  the  angles  of  the  median  septa  that  end  freely  and  do  not  join  the 
interthecal  septa.  The  typical  specimens  of  the  genotype  thus  do  not  have  one  of 
the  features  Pribyl  (1947)  indicated  was  diagnostic  for  the  genus.  Pribyl  (1947, 
PI.  1,  fig.  2;  PI.  2,  fig.  2-6)  figured  specimens  he  apparently  considered  typical  of 
the  new  genus  which  had  originally  been  figured  and  described  by  Bulman  (1932, 
p.  6-10,  Fig.  3;  PI.  1,  fig.  12,  13,  14,  19,  21)  as  Climacograptus  scharenbergi.  The 
horizontal  projections  from  the  angles  of  the  median  septa  in  these  forms  do  join 
the  interthecal  septa.  These  particular  specimens  differ  from  P.  scharenbergi , 
however,  not  only  in  this  feature  but  also  in  the  shape  of  both  the  apertural 
excavations  and  the  thecae  as  indicated  by  Jaanusson  (1960,  p.  327-329,  Fig.  7A, 
PL  4,  fig.  10).  Because  of  the  differences,  Jaanusson  (1960,  p.  327-328)  con¬ 
sidered  these  specimens  to  be  distinct  from  C.  scharenbergi  and  he  placed  them  in 
a  new  species,  P.  eurystoma.  Lee  (1963,  p.  574-575)  subsequently  named  a  new 
genus,  Prolasiograptus ,  to  include  lasiograptids  with  an  undulatory  or  zig-zag 
shaped  median  septum,  clathria,  and  genicular  spines.  He  included  Jaanusson’s 
species  P.  eurystoma  in  this  new  genus.  Those  specimens  that  Pribyl  (1947) 
apparently  had  most  clearly  in  mind  as  typical  of  his  genus  Pseudoclimacograptus 
have  thus  not  only  been  removed  from  the  species  Pribyl  (1947)  chose  as  the  type 
of  his  new  genus,  but  they  have  also  been  placed  in  an  entirely  different  genus  in 
the  course  of  subsequent  study  by  others. 

The  specimens  that  Jaanusson  (1960)  grouped  in  P.  eurystoma  are  distinct 
from  P.  scharenbergi .  They  have  a  sort  of  clathria  and  a  distinctive  form  to  their 
apertural  excavations  and  thecae  that  is,  to  some  extent  at  least,  as  much  lasio- 
graptid  in  character  as  it  is  climacograptid.  These  specimens  appear  to  be  tran¬ 
sitional  forms  between  certain  climacograptids  and  lasiograptids  of  the  L.  retusus 
type  in  which  the  thecae  are  more  nearly  truly  lasiograptid  and  a  clathria  is  present 
in  which  horizontal  lists  directed  outward  from  the  angles  of  zig-zag  shaped  median 
septa  join  the  interthecal  septa.  The  thecae  in  such  lasiograptids  are  more  nearly 
truly  lasiograptid  than  are  those  in  P.  eurystoma  and  the  geniculum  is  commonly 
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spinose  or  has  a  short  flange.  Lee  (1963,  p.  574-575)  grouped  lasiograptids  with 
these  features  in  his  genus  Prolasiograptus.  Lasiograptids  of  this  type  apparently 
gave  rise  to  the  more  typical  lasiograptids  which  have,  in  addition  to  clathria  and 
lasiograptid  thecae,  lacinia  and  mesial  spines.  Genicular  spines  are  present  on  some 
thecae  of  such  lasiograptids  although  they  are  rare  in  them.  The  median  septum 
in  such  lasiograptids  is  straight. 

An  evolutionary  developmental  sequence  thus  appears  to  exist  in  which  P. 
eurystoma  is  a  transitional  form  between  certain  climacograptids  with  an  undulatory 
to  zig-zag  median  septum,  horizontal  projections  from  the  angles  of  the  median 
septum  that  end  freely  and  do  not  join  the  interthecal  septa,  and  deep  apertural 
excavations  and  lasiograptids  of  the  L.  retusus  type.  The  L.  retusus  type  lasio¬ 
graptids  apparently  gave  rise  to  the  more  typical  lasiograptids  such  as  L.  costatus. 
Whether  generic  names  should  be  applied  to  each  step  along  this  seeming  line  of 
evolutionary  development  from  certain  climacograptids  to  lasiograptids  is,  to  some 
extent  at  least,  a  matter  of  opinion.  The  true  lasiograptids  would  seem  to  be  so  few 
in  number  and  so  varaible  among  themselves  that  one  broadly-defined  genus, 
Lasiograptus,  could  include  them.  A  distinction,  if  desired,  could  be  made  at  the 
sub-generic  level.  Further,  although  a  genus  could  be  based  upon  the  single  species 
P.  eurystoma  as  it  appears  to  be  essentially  transitional  between  two  genera,  it  is 
but  a  single  species  with  perhaps  more  affinities  with  the  climacograptids.  It  is 
considered  here  to  be  a  part  of  the  genus  Pseudoclimacograptus.  Included  with  it 
in  that  genus  are  those  climacograptids  with  these  features:  a  form  of  streptoblastic 
proximal  end  development,  a  median  septum  that  is  undulatory  or  zig-zag  in  shape 
for  at  least  a  part  of  its  extent,  slightly  to  markedly  convex  supragenicular  portions 
of  the  ventral  thecal  walls,  and  relatively  deep  apertural  excavations.  The  apertural 
excavations  may  have  the  form  of  deep  open  to  deep  narrow  slits  or  they  may  be 
pouch-like  in  shape.  The  climacograptids  with  these  characteristics  appear  to  form 
a  plexus  of  species  distinct  from  other  climacograptids.  If  they  do,  and  if 
P.  eurystoma  be  considered  the  basis  for  a  genus  distinct  from  them,  then  a  new 
generic  name  is  needed  for  them  because  Pribyl’s  (1947)  apparent  intent  was  to 
make  the  specimens  now  designated  P.  eurystoma  the  types  of  the  genus  Pseudo¬ 
climacograptus.  Each  transitional  step  in  the  evolutionary  development  sequence 
has  not  been  accorded  a  generic  name  here  because  to  do  so  would  magnify  the 
position  of  one  or  two  species  that  are  clearly  related  to  others  within  a  genus 
comprised  of  a  number  of  phyletically  related  species  and  give  to  them  a  greater 
magnitude  in  the  taxonomic  hierarchy  than  is  warranted  by  the  degree  of  their 
phyletic  relationship. 

Pseudoclimacograptus  cf.  P.  scharenbergi  (Lapworth  1876) 

(PI.  50,  fig.  6,  7;  Fig.  1) 

Locality:  The  Victorian  specimens  of  this  form  were  collected  at  Geological 
Survey  of  Victoria  locality  Ba  67  which  is  at  the  junction  of  Riddell’s  and  Jackson’s 
Creeks  6i  miles  N.  86°E.  from  the  centre  of  Gisborne,  Victoria.  The  beds  at 
that  locality  are  in  the  Zone  of  Glyptograptus  teretiusculus ,  the  youngest  of  the 
Darriwilian  zones.  The  type  specimens  of  P.  scharenbergi  were  obtained  from  the 
Lower  Hartfell  Shales  ( Climacograptus  mlsord  Zone)  exposed  at  Dobbs  Linn  near 
Moffat  in  southern  Scotland. 

Material:  5  specimens  obtained  by  the  author  from  locality  Ba  67. 

Description:  The  rhabdosoraes  are  up  to  15  mm  long.  They  widen  from 
0  9  to  10  mm  at  the  aperture  of  Th  l1  to  their  maximum  width  of  1  -4  to  1*5  mm 
in  a  distance  of  4  to  6  mm  from  the  sicula  aperture.  They  are  parallel-sided  for 


SOME  VICTORIAN  ORDOVICIAN  GRAPTOLITES  443 

the  remainder  of  their  extent.  A  short  virgula  is  present  at  the  distal  end  of  the 
thecate  part  of  complete  rhabdosomes. 

The  thecae  number  7±  in  the  proximal  5  mm,  14  in  the  proximal  10  mm,  and 
6  in  the  distal  5  mm  of  the  longest  rhabdosomes.  They  are  markedly  alternate. 
Above  the  level  of  5  mm  from  the  sicula  aperture,  the  thecae  are  T2  to  T3  mm 
long  and  they  overlap  approximately  one-third  of  their  length.  The  supragenicular 
portion  of  the  ventral  wall  has  marked  convex  curvature.  The  infragenicular  portions 
of  the  ventral  walls  are  straight  to  slightly  curved  and  make  an  angle  of  55°  to  70° 
with  the  rhabdosome  axis.  The  geniculum  is  rounded.  The  apertural  margins  are 
straight  and,  in  those  thecae  that  have  not  been  appreciably  distorted,  they  are 
normal  to  the  rhabdosome  axis.  The  apertural  excavations  are  0  5  to  0  6  mm  deep 
and  slightly  wedged-shaped,  widening  from  0  2  mm  to  0  25  to  0  3  mm  at  the 
ventrarmargin  of  the  rhabdosome.  The  interthecal  septum  parallels  the  supra¬ 
genicular  portion  of  the  ventral  wall  and  has  much  the  same  degree  of  curvature. 
It  bends  sharply,  however,  in  the  vicinity  of  the  geniculum  to  become  horizontal  and 
to  end  freely. 

The  sicula  is  at  least  1  mm  long  and  0  2  to  0  3  mm  wide  at  its  aperture.  It 
has  a  virgella  that  is  0  8  to  TO  mm  long.  Th  l1  appears  to  have  originated  from 
the  upper  third  of  the  sicula  and  to  have  grown  beside  it  for  the  greater  part  of  its 
length,  bending  outward  at  the  level  of  the  sicula  aperture  and  then  upward  for  a 
short  distance.  The  remainder  of  the  proximal  end  development  appears,  as  closely 
as  may  be  seen  from  the  specimens  available,  to  be  very  similar  to  that  diagrammed 
by  Bulman  (1955,  p.  510,  Fig.  1)  in  Oslo  Region  specimens  of  this  species. 

The  median  septum  begins  approximately  at  the  level  of  the  aperture  of  Th  l2 
and  is  zig-zag  in  shape  throughout  its  extent.  Projections  0  3  to  0  4  mm  long 
extend  horizontally  from  the  angles  of  the  median  septum.  The  projections  end 
freely  and  the  lower  part  of  the  interthecal  septum  curves  around  them. 

Remarks:  The  Victorian  specimens  agree  relatively  closely  with  Lapworth’s 
(1876,  PI.  2,  fig-  55;  1877,  p.  138,  PI.  6,  fig.  36)  typical  material  of  the  species 
in  rhabdosome  width,  thecal  number,  apertural  excavation  form  and  size,  interthecal 
septum  shape,  median  septum  shape,  and  in  the  presence  of  short  horizontal  lists 
originating  from  the  angles  of  the  median  septum  that  end  freely.  The  supragenicular 
portions  of  the  ventral  thecal  walls  are  more  markedly  curved  than  in  Scottish 
specimens.  They  are,  however,  relatively  similar  in  curvature  to  that  in  Oslo  Region, 
Norway,  specimens  included  in  this  species  by  Bulman  (1953,  p.  510-51 1,  Fig.  1; 
PI.  1,  fig.  1-7).  The  Victorian  forms  are  closely  similar  to  the  Oslo  Region  speci¬ 
mens  in  most  other  characteristics  as  well.  The  Victorian  specimens  are  shorter 
(this  may  simply  be  a  reflection  of  immaturity  of  the  rhabdosomes  found)  and 
slightly  wider  at  Th  l1  than  the  Oslo  Region  specimens.  The  apertural  excavations 
in  the  Oslo  Region  specimens  are  slightly  deeper  than  in  the  Victorian,  and  the 
supragenicular  portions  of  the  thecal  walls  in  the  Oslo  Region  specimens  may  be 
slightly  more  curved  than  they  are  in  the  Victorian  forms.  The  differences  between 
the  Oslo  Region  and  Victorian  specimens  appear  to  be  of  no  greater  magnitude  than 
those  of  local  populations. 

The  Oslo  Region  and  Victorian  specimens  are  older  than  the  type  specimens 
from  Scotland.  The  characteristic  of  marked  curvature  of  the  supragenicular  portion 
of  the  thecal  walls  may  thus  be  a  reflection  of  the  age  difference  between  the  Oslo 
Region  and  Victorian  and  Scottish  specimens.  The  Oslo  Region  and  Victorian  forms 
may  comprise  a  temporal  subspecies  of  P.  scharenbergi,  or  they  may,  when  full 
analysis  of  all  forms  referred  to  P.  scharenbergi  has  been  completed,  be  concluded 
to  be  a  distinct  species. 
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Fig.  1 — Pseudoclimacograptus  cf.  P.  scharenbergi  (Lapworth).  Specimen  from  Geological 
Survey  of  Victoria  locality  Ba  67,  NMV  P24028,  X  10. 

Family  Retiolitidae  Lapworth  1873 
Subfamily  Archiretiolitinae  Bulman  1955 
Genus  Retiograptus  J.  Hall  1859 
Retiograptus  pulcherrimus  Keble  &  Harris  1934 
(PI.  50,  fig.  8) 

1934  Retiograptus  pulcherrimus  Keble  &  Harris,  p.  178-179,  Fig.  6;  PI.  22,  fig.  1. 

1938  Retiograptus  pulcherrimus  Keble  &  Harris-Harris  &  Thomas,  PI.  3,  fig.  106. 

1960  Retiograptus  pulcherrimus  Keble  &  Harris-Thomas,  PI.  11,  fig.  152. 

1960b  Retiograptus  pulcherrimus  Keble  &  Harris-Berry,  p.  96,  PI.  17,  fig.  9,  10b. 

1963  Retiograptus  pulcherrimus  Keble  &  Harris-Ross  &  Berry,  p.  158-59,  PI.  13,  fig.  13 
13a,  14. 

1964  Retiograptus  pulcherrimus  Keble  &  Harris-Obut  &  Sobolevskaya,  p.  79,  PI.  16,  fig.  8-11. 
Holotype:  NMV  No.  PI 4385. 

Type  Locality  and  Horizon:  Keble  &  Harris  (1934,  p.  179)  gave  the  locality 
of  the  holotype  as  ‘about  10  chains  West  of  Jordan  River  where  it  runs  under 
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Yarra  Track  between  Matlock  and  The  Oaks’.  They  cited  the  horizon  as  being  in 
the  Bolindian.  It  is  probably  in  the  Zone  of  Dicellograptus  cf.  D.  complanatus ,  the 
youngest  of  the  Australian  Ordovician  and  the  younger  of  the  two  zones  of  the 
Bolindian. 

Material:  The  holotype  and  2  probable  topotypes. 

Description:  The  rhabdosomes  studied  are  incomplete  but  the  longest  is  85 
mm.  The  rhabdosomes  are  0  9  to  TO  mm  wide  at  the  aperture  of  Th  l1  and  they 
widen  to  T7  to  18  mm  at  5  mm  from  that  level,  to  2*2  to  2  35  mm  at  10  mm  from 
that  level,  and  to  2  4  to  2  5  mm  at  15  mm  from  that  level.  They  continue  to  widen 
very  slightly  at  the  rate  of  0  03  to  0  05  mm  in  5  mm  to  a  maximum  width  of 
2  7  to  3  0  mm  and  they  become  parallel-sided  for  the  remainder  of  their  length 
after  maximum  width  is  attained.  The  rhabdosomes  thus  have  a  distinctive  form  in 
which  the  greatest  rate  of  widening  is  in  the  proximal  10  mm  and  they  continue  to 
widen  at  a  very  slight  rate  until  maximum  width  is  attained  and  then  become 
parallel-sided.  All  widths  given  are  exclusive  of  the  thecal  spines. 

The  thecae  are  markedly  alternate.  They  number  7  to  8  in  the  proximal  5  mm, 
12  to  14  in  the  proximal  10  mm,  and  7  to  10  in  10  mm  in  distal  portions  of  the 
rhabdosome.  The  thecae  are  composed  of  two  hexagonal-shaped  meshes  which 
appear  to  share  a  common  strand  that  serves  as  the  ventral  thecal  wall.  The  meshes 
are  joined  to  a  slightly  undulatory  list  or  fibre  that  extends  vertically  the  length  of 
the  rhabdosome  by  a  short  horizontal  projection  from  the  angle  formed  at  the  join 
of  two  lists  of  the  mesh.  One  such  vertical  list  extends  the  length  of  and  is  situated 
in  a  medial  position  on  both  lateral  walls  of  the  rhabdosome.  The  ventral  walls  of 
the  proximal  thecae  make  a  25°  to  35°  angle  with  the  rhabdosome  axis  and  those 
of  the  distal  thecae  make  a  5°  to  10°  angle  with  the  rhabdosome  axis.  A  horizontal 
spine  projects  from  the  lip  of  each  thecal  aperture.  The  spines  are  0-45  to  0*7  mm 
long  on  the  proximal  thecae  and  0  3  to  0  4  mm  long  on  the  distal  thecae. 

The  sicula  was  not  clearly  seen  on  the  specimens  studied.  It  appears  to  be 
approximately  1  mm  long  and  to  be  chitinized.  Indeed,  a  thin  periderm  appears  to 
cover  the  proximal  end  to  the  level  of  the  aperture  of  Th  21,  and  it  may  extend 

slightly  higher.  ,  .  .  _  .  _  ,  t1 

The  rhabdosome  is  thus  composed  of  clathna  almost  entirely  with  but  a  small 
amount  of  thin  periderm  at  the  proximal  end.  The  clathria  are  formed  in  a  double 
row  of  hexagonal-shaped  meshes. 

Remarks:  The  length,  rate  of  widening,  and  hexagonal-shaped  meshes  joined 
to  undulatory  vertical  strands  situated  in  the  middle  of  the  lateral  walls  make  this 
species  distinctive. 

The  Marathon  Region,  Texas  specimens  of  it  described  by  Berry  (1960b)  are 
similar  to  the  Victorian  types  in  most  characteristics  but  are  shorter  and  thinner 
as  they  widen  to  maximum  widths  of  but  2  5  to  21  mm.  The  shape  of  the  meshes 
and  rate  of  widening  are  similar.  The  North  American  Great  Basin  forms  described 
by  Ross  &  Berry  (1963)  are  also  similar  to  the  Victorian  types  in  most  charac¬ 
teristics.  The  Great  Basin  specimens,  however,  are  longer  than  any  reported  from 
Victoria  and  have  a  maximum  width  of  but  2  5  mm.  Further,  they  attain  maximum 
width  in  slightly  more  proximal  portions  of  the  rhabdosome  than  do  the  Victorian 
types  and  thus  they  are  parallel-sided  for  a  greater  proportion  of  their  length.  The 
Great  Basin  forms  may  possibly  be  considered  to  constitute  a  subspecies  distinct 
from  one  comprised  of  the  Victorian  types.  Interestingly,  the  Marathon  Region, 
Texas  specimens  are  more  similar  to  the  Victorian  types  than  they  are  to  the  Great 
Basin  forms.  The  degree  of  difference  between  them  and  the  Victorian  types  is  not 
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as  great  as  that  between  the  Victorian  types  and  the  Great  Basin  forms  and  hence 
the  Texas  specimens  may  not  fall  within  a  possible  subspecies  comprised  of  Great 
Basin  forms. 

The  Taimyr  (Russian)  specimens  described  by  Obut  &  Sobolevskaya  (1964) 
are  also  similar  to  the  Victorian  types  in  many  characteristics  but  they  are  wider, 
attaining  maximum  widths  of  3  5  to  3*7  mm.  They  also  appear  to  have  attained 
maximum  width  nearer  the  proximal  end  than  did  the  Victorian  types  and  hence 
they  are  parallel-sided  for  a  greater  proportion  of  their  length  than  are  the  Victorian 
types.  The  Taimyr  specimens  also  appear  to  comprise  a  possible  subspecies  which 
is  distinct  from  that  of  the  North  American  Great  Basin  forms  and  that  of  the 
Victorian  types. 
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Explanation  of  Plates 

The  photographs  are  not  retouched.  All  of  them,  with  the  exception  of  fig.  2,  4,  and  6 
on  PI.  48,  fig.  3  and  4  on  PI.  49,  and  fig.  1  through  7  on  PI.  50,  were  taken  by  Mr  Frank  Guy 
of  the  Royal  Melbourne  Institute  of  Technology.  Those  listed  were  taken  at  the  Scientific 
Photographic  Laboratory  of  the  University  of  California,  Berkeley. 

All  specimens  figured  are  in  the  collections  of  the  National  Museum  of  Victoria.  The 
numbers  given  each  specimen  are  their  registered  numbers  in  the  Museum’s  collections. 

Locality  and  stratigraphic  data  for  each  species  are  given  in  the  text  under  the  discussion 
of  each. 

Plate  44 


Pig.  i — Adelograptus  victoriae  (T.  S.  Hall),  Lectotype,  NMV  P14240,  X  4i. 

Fig  2,  4 — Adelograptus  clarki  (T.  S.  Hall). 

Fig.  2— Lectotype,  NMV  P14366,  X  5  1. 

Fig.  4 — Topotype,  on  same  rock  piece  with  lectotype  of  Adelograptus  victoriae 
which  has  NMV  No.  14240,  X  3. 

Fig.  3 — Brachiograptus  etaformis  Harris  &  Keble.  Paratype,  NMV  P24020,  X  4. 

Fig.  5,  10,  11 — Tetragruptus  decipiens  T.  S.  Hall. 

Fig.  5 — Lectotype,  NMV  P 14368,  X  5. 

Fig.  io — Topotype,  on  same  rock  piece  with  Didymograptus  pritchardi  (three- 
branched  form)  which  has  NMV  No.  14239,  X  2L 
Fig  11 — Topotype,  on  same  rock  piece  with  lectotype  of  Adelograptus  victoriae  which  has 
NMV  No.  PI 4240,  X  3. 

Fig  6-9 — Phyllograptus  nobilis  Harris  &  Keble,  Topotypes,  all  specimens  on  same  rock  piece 
with  NMV  No.  P24113.  Fig.  6-8  X  3i,  fig.  9  X  2-4. 

Plate  45 

Fig.  1 — Didymograptus  pritchardi  T.  S.  Hall.  Topotype,  NMV  P240,  X  2. 

Fig.  2 _ Phyllograptus  cf.  P.  nobilis  Harris  &  Keble.  Specimen  from  Gibbo  R,  NE.  Victoria 
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in  which  characteristic  thecal  curvature  may  be  clearly  seen,  NMV  P24031,  x  4±. 
Fig.  3 — Didymograptus  dependulus  Harris  &  Keble.  Holotypc,  NMV  P24022,  X  5. 

Plate  46 

Fig.  1 — Didymograptus  pritchardi  T.  S.  Hall.  Lectotype,  NMV  P 14238,  X  3. 

Fig.  2 — Didymograptus  mundus  T.  S.  Hall.  Holotype,  NMV  P14270,  X  5. 

Plate  47 

Fig.  1 — Didymograptus  pritchardi  T.  S.  Hall.  Proximal  region  of  topotype,  NMV  P240,  X  5. 
Fig.  2 — Didymograptus  pritchardi  T.  S.  Hall  (Three-branched  form).  Proximal  region  of 
paratype  from  the  same  locality  and  horizon  as  the  lectotype,  NMV  P 14239,  X  5i. 
(This  is  the  specimen  figured  by  Hall,  1899a,  PI.  17,  fig.  9;  PI.  19,  fig.  8.) 

Plate  48 

Fig.  1 — Didymograptus  v-defiexus  Harris.  Holotype  (the  horizontal  specimen)  and  paratVDes 
NMV  P29,  X  4.  ^  ’ 

Fig.  2,  4 — Orthograptus  truncatus  var.  abbreviate  (Elies  &  Wood).  Both  specimens  on  same 
rock  piece  with  NMV  No.  P24025.  Locality  is  Stockyard  Ck,  Wellesley  County, 
New  South  Wales.  Both  specimens  figured  X  5. 

Fig.  3,  5,  6 — Paraglossograptus  etheridgei  (Harris). 

Fig.  3 — Paratype,  NMV  PI 4421,  X  4. 

Fig.  5 — Holotype,  NMV  PI 4406,  X  3i. 

Fig.  6 — Specimen  from  butts  of  Wellsford  Rifle  Range,  Parish  of  Sandhurst, 
Victoria;  the  horizon  is  within  the  Zone  of  Diplograptus  decor  at  us 
(D3  of  the  Darriwilian);  NMV  P24026,  X  5. 

(The  characteristics  of  the  spines  are  relatively  clearly  seen  in  these 
specimens.  Note  their  variability  in  the  holotype  and  the  variation 
between  those  of  the  holotype  and  the  paratype.) 

Plate  49 

Fig.  1,  2,  7 — Diplograptus  ingens  T.  S.  Hall 

Fig.  1 — Lectotype,  NMV  P14272,  X  2}. 

Fig.  2 — Specimen  on  same  rock  piece  as  lectotype;  the  rock  piece  has  NMV 
No.  P 14272,  X  2*. 

Fig.  7 — Specimen  on  same  rock  piece  as  lectotype;  the  rock  piece  has  NMV 
No.  P14272,  X  2. 

Fig.  3,  4 — Climacograptus  bicornis  subspecies  longispina  T.  S.  Hall. 

Fig.  3— Topotype,  NMV  P24027,  X  5. 

Fig.  4 — Topotype,  NMV  P24027  (on  same  rock  piece  with  specimen  of  fig.  3) 

X  5. 

Fig.  5,  6 — Didymograptus  hemicyclus  Harris.  Lectotype,  NMV  P 13797,  fig.  5  is  X  5,  fig.  6 
is  X  10. 


Plate  50 

Fig.  1-5 — Climacograptus  riddellensis  Harris.  Topotypes  from  Geological  Survey  of  Victoria 
Locality  Ba  67  (junction  of  Riddell’s  and  Jackson’s  creeks  near  Gisborne, 
Victoria). 

Fig.  1,  2 — NMV  P24032.  Fig.  1  is  medial  portion  of  rhabdosome  X  10;  fig.  2  is 
of  complete  rhabdosome,  X  5. 

Fig.  3— NMV  P24033,  X  5. 

Fig.  4 — NMV  P24034,  X  5,  subsea  lari  form  view  of  incomplete  rhabdosome 
Fig.  5— NMV  P24035,  X  5. 

Fig.  6,  7 — Pseudoclimacogratus  cf.  P.  scharcnbergi  (Lapworth).  Specimens  from  Geological 
Survey  of  Victoria  Locality  Ba  67. 

Fig.  6— NMV  P24028,  X  10. 

Fig.  7— -NMV  P24029,  X  10. 

Fig.  8 — Retiograptus  pulcherrimus  Keble  &  Harris.  Holotype,  NMV  P 14385,  X  4±. 
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BECHE-DE-MER,  ABORIGINES  AND  AUSTRALIAN  HISTORY 
Crosbie  Morrison  Memorial  Lecture 

By  D.  J.  Mulvaney 

Australian  National  University,  Canberra,  A.C.T. 

Matthew  Flinders  wrote  a  brief,  but  dramatic  note  to  Sir  Joseph  Banks,  early 
in  1803. 

‘In  the  gulph  [of  Carpentaria]  we  had  met  with  many  marks  of  former  visitors, 

though  none  recent;  and  as  these  could  not  be  the  French  ships  [of  Baudin], 

we  were  very  desirous  to  learn  whom  they  could  be  and  what  was  their  business. 

At  Cape  Arnhem  our  desire  was  gratified;  they  were  Malays  from  Macassar.’ 

On  17  February,  in  what  he  termed  Malay  Roads,  in  the  English  Company 
Islands,  Flinders  had  encountered  six  vessels.  Believing  them  to  be  piratical,  he 
approached  warily,  but  found  with  relief  that  they  were  part  of  a  fleet  of  60  praus, 
which  had  sailed  from  Macassar  on  a  beche-de-mer  collecting  voyage.  With 
characteristic  thoroughness,  he  recorded  the  information  told  him  by  the  Macassans, 
and  checked  it  the  following  month  with  the  Governor  of  Timor.  His  artist, 
William  Westall,  added  vivid  detail  with  his  sketches. 

Already,  I  have  used  unfamiliar  terms  requiring  definition:  beche-de-mer, 
praus,  Malayans,  Macassar.  Here  is  a  field  where  natural  history,  technology, 
history,  geography  and  anthropology  combine.  It  is  an  important  subject  for 
research  and  a  field  rich  in  humanity.  My  intention  is  to  sketch  some  of  its 
ramifications  and  to  give  an  interim  report  on  recent  archaeological  fieldwork  in 
Arnhem  Land.  Crosbie  Morrision,  who  contributed  at  least  ten  articles  on  Abor¬ 
igines  to  Wild  Life ,  would  have  been  well  equipped  to  interpret  this  complex  theme, 
involving  Man  and  Nature  on  north  Australian  shores. 

To  date,  anthropologists  seeking  a  deeper  understanding  of  aboriginal  Arnhem- 
landers,  have  commented  on  certain  aspects  of  the  beche-de-mer  industry; 
historians  have  largely  ignored  a  theme  of  Australian  history  which  is  truly 
international. 

In  search  of  definitions,  let  us  return  to  Malay  Roads,  in  February  1803.  With 
Flinders’s  Javanese  cook  acting  as  interpreter,  Flinders  learned  from  Pobasso, 
commander  of  the  squadron,  that  they  had  sailed  in  December,  out  of  Macassar, 
chief  harbour  of  Celebes.  The  north-west  monsoon  blew  them  to  Arnhem  Land. 
By  May  or  June,  when  they  would  return  to  Celebes  with  the  south-east  trade 
winds,  the  1,000  or  more  men  manning  the  60  praus  would  have  collected  beche- 
de-mer  along  the  entire  Arnhem  Land  coast,  and  down  the  Gulf  of  Carpentaria. 
Each  prau  would  be  laden  with  some  100,000  specimens,  on  this  estimate,  repre¬ 
senting  a  total  harvest  of  some  6,000,000  animals;  and  they  would  return  the 
following  December. 

These  Malays,  as  Flinders  and  most  nineteenth  century  writers  called  them, 
were  in  reality  natives  of  the  south-western  limb  of  Celebes,  and  their  chief  port 
was  Macassar.  In  the  seventeenth  century,  the  native  Macassans  had  resisted  Dutch 
penetration,  and  the  Bugis  of  Boni,  peopling  an  area  adjacent  to  Macassar,  profited 
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by  their  action.  The  Bugis  allied  with  the  Dutch,  who  ultimately  prevailed,  and 
after  1672  the  Princes  of  Boni  were  given  favoured  treatment  by  the  victorious 
Dutch,  and  the  port  of  Macassar  became  their  chief  base;  their  praus  sailed  with 
official  Dutch  permits.  Pobasso’s  fleet  was  controlled  by  the  Rajah  of  Boni. 

It  is  not  surprising  that  Flinders  termed  these  Bugis,  Malayan.  For  indeed,  the 
Bugis  traders  were  strongly  based  in  Malayan  states,  as  in  every  harbour  of  south¬ 
east  Asia,  and  they  fired  the  enthusiasm  of  Western  commercial  entrepreneurs. 

One  of  them,  G.  W.  Earl,  wrote  in  the  1830’s  that 

‘the  commercial  enterprise  of  these  modern  Phoenicians  is  unequalled  in  any 
part  of  the  world;  every  soul,  male  or  female,  from  the  prince  to  the  peasant, 
being  more  or  less  engaged  in  trade,  and  their  adventurous  spirit  induces  them 
to  undertake  the  most  arduous  voyages  in  vessels  very  ill  adapted  to  brave  the 
perils  of  the  ocean.  They  are  the  chief  and  almost  the  sole  carriers  of  the 
archipelago.’ 

Prau  is  the  general  term  used  to  describe  Bugis  watercraft:  wooden  sailing 
vessels  with  large,  oblong,  fibre  matting  sails.  To  judge  from  Westall’s  sketches, 
those  seen  by  Flinders  were  actually  pajalas :  smaller  praus,  with  low  sterns  and 
tripod  masts.  He  estimated  their  weight  at  25  tons,  but  this  may  have  been 
generous;  10  to  20  tons  is  a  more  likely  range.  P  atari :  the  name  of  the  larger, 
high-sterned  Bugis  praus,  are  believed  to  be  an  adaptation  of  the  local  pajalas 
design,  to  which  was  added  the  stem  and  bowsprit  of  sixteenth  century  Portuguese 
vessels.  Praus  of  this  type  were  frequent  visitors  to  Australia.  Praus  were  numerous. 
For  example,  in  1849,  800  of  them  visited  Singapore,  while  in  1841,  crews  totalling 
5,000  men  visited  Dobbu,  in  the  Aru  Islands.  In  the  early  1930’s,  8,000  praus  of 
all  sizes  cleared  the  port  of  Macassar. 

Constructed  entirely  of  wood  and  bamboo,  with  bamboo  slats  as  decking,  and 
equipped  with  two  large  steering  oars,  they  looked  unwieldy  craft.  But  they  were 
quite  seaworthy,  and  Alfred  Russel  Wallace,  who  travelled  extensively  on  them 
during  the  1850’s,  claimed  them  as  the  most  comfortable  transport  afloat.  He 
once  travelled  from  Dobbu  to  Macassar  (over  1,000  miles)  in  under  ten  days;  it 
is  interesting  that  his  Macassan  servant  had  visited  Australia  on  several  occasions. 

Navigation  was  elementary,  for  Dutch  compasses  and  charts  were  rare,  and 
seldom  used.  The  Bugis  relied  on  the  experience  of  years  of  sailing  the  same  routes, 
of  coasting  whenever  practical,  and  trusting  in  the  reliability  of  north-west  monsoons 
and  south-east  trades  for  making  landfalls.  Speeds  of  5  knots  could  be  maintained 
for  days;  on  the  Australian  route,  it  was  possible  to  reach  Melville  Island  or  the 
Cobourg  Peninsula  within  ten  to  fifteen  days,  with  the  final  stretch  of  three  or 
four  days  without  sight  of  land. 

So  much  for  the  men  and  boats  which  Flinders  encountered.  The  object  of  their 
voyage  was  beche-de-mer,  a  French  derivation  from  the  Portuguese  Bicho-do-mar, 
or  sea-worm.  The  Bugis  and  the  Dutch  called  it  trepang,  the  colloquial  name  adopted 
throughout  the  Pacific,  and  followed  here.  Trepang,  a  member  of  the  Class 
Holothurioidea,  belongs  systematically  to  the  invertebrate  sub-kingdom  of  Echinoder- 
mata.  The  term,  sea-cucumber,  aptly  describes  those  species  which  were  commer¬ 
cially  exploited.  The  trepang  ranges  in  size  from  a  few  inches  to  three  feet  in 
length;  its  diet  consists  of  calcareous-shelled  Foraminifera,  and  it  frequents  shallow 
tropical  waters,  particularly  the  muddy  or  sandy  bottoms  around  the  coast  of 
northern  Australia. 

Soup,  made  from  the  dried  body  wall  of  certain  species  of  sea-cucumbers,  is  an 
important  item  of  Chinese  diet.  At  Canton  during  the  last  century,  thirty  varieties 
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or  grades  of  trepang  were  traded.  Indeed,  many  late  eighteenth  century  English 
voyagers  in  the  Dutch  East  Indies  commented  upon  the  volume  of  this  trade, 
particularly  from  Borneo,  the  Pater  Noster  Islands,  Aru  and  Celebes.  Around 
1820,  trepang  was  said  to  be  the  largest  Chinese  import  from  the  Indonesian  area; 
from  Macassar  alone,  almost  500  tons  of  dried  trepang  was  exported  annually. 

A  contemporary  commented  that  ‘the  fishery  of  the  tripang  is  to  China  what  that 
of  the  sardine,  tunny  and  anchovy  is  to  Europe’.  But  it  was  a  Chinese  delicacy  only. 
The  aborigines  never  ate  it,  and  Europeans  rarely.  When  A.  R.  Wallace  was 
offered  trepang  during  his  Aru  visit  in  1 857,  he  refused  a  food  ‘looking  like  sausages 
which  have  been  rolled  in  mud  and  then  thrown  up  the  chimney’. 

The  trepang  was  either  collected  by  hand,  speared  or  trawled.  In  all  cases,  the 
Bugis  employed  dugout  canoes,  termed  ‘lepa-lepa’,  several  of  which  were  carried  on 
each  prau.  (Four  praus  were  once  observed  with  nineteen  canoes  as  tenders.)  The 
Arnhem  Land  canoe — ‘lippa-lippa’ — is  a  direct  imitation  of  these  dugouts.  To  judge 
from  literary  sources,  it  would  appear  that  the  aborigines  bartered,  or  captured, 
many  canoes  from  the  Macassan  fishers,  possibly  constructing  their  own  craft  with 
metal  tools  from  the  earlier  nineteenth  century,  when  demand  exceeded  supply. 

On  land,  the  trepang  was  boiled  in  iron  vats  of  about  fifteen  gallons’  capacity, 
brought  on  the  praus.  It  was  then  cleaned  and  boiled  again  in  a  tan  of  mangrove 
bark.  Subsequently  it  was  dried,  then  smoked  in  bamboo  and  rattan  sheds  erected 
for  the  purpose.  The  entire  process  within  any  bay  might  take  from  two  to  three 

Numerous  early  explorers  described  this  industry.  All  agreed  that  the  Bugis 
came  from  Macassar,  or  islands  off  Southern  Celebes.  However,  others  came  also 
from  the  Bugis  community  on  Sumbawa,  which  in  1850  constituted  ten  per  cent 
of  the  island’s  75,000  inhabitants.  They  congregated  annually  near  Timor,  and 
came  across  to  Melville  Island  from  its  eastern  end.  From  here  they  split  into 
groups  of  five  or  six  and  worked  eastwards  to  Carpentaria.  At  the  season’s  end  they 
re-assembled  at  Port  Essington  or  other  harbours,  and  returned.  On  occasion,  fleets 
took  the  more  hazardous  and  longer  crossing  from  western  Timor  and  Rottee 
Island  to  Port  Keats  and  ports  south.  In  1802  the  French  explorer  Freycinet  met 
26  praus  at  Cape  Londonderry,  in  the  Kimberleys.  The  most  southerly  contact, 
noted  by  Stokes  of  Beagle,  was  broken  pottery,  lying  on  the  beach  near  North- 
West  Cape,  lat.  20°S.  In  Carpentaria,  contact  extended  as  far  as  the  Wellesley 
Islands,  but  normally  only  to  the  Pellew  group.  It  is  unlikely  that  Torres  Strait  was 
visited  regularly,  because  distance  travelled  was  related  to  the  duration  of  the 
monsoonal  season. 

Let  us  now  consider  the  material  traces  of  this  contact.  We  are  fortunate  that 
Alfred  Searcey,  Sub-Collector  of  Customs  in  Darwin  from  1 882  to  1 896,  has  left 
a  description  of  his  experiences  while  collecting  taxes  from  the  Macassans  in 
territorial  waters.  Searcey’s  accounts  are  as  colourful  as  his  personality,  but  they 
are  accurate  to  a  degree.  I  found  his  rough  map  of  Macassan  trepang  camps 
invaluable  this  year,  while  searching  for  possible  excavation  sites. 

Let  us  visit  Entrance  Island,  at  the  mouth  of  the  Liverpool  River,  on  his  small 
steam  launch  in  1882. 

‘The  Malays  call  it  Lee  Monie  Monie,  and  it  was  a  favourite  camping  place 
with  them  ...  we  pulled  to  a  lovely  sandy  beach,  carrying  deep  water  right  in. 
Where  we  landed  there  had  been  a  Malay  camping  place.  The  fireplaces  were 
there,  the  remains  of  smokehouses,  and  near  at  hand  great  stacks  of  timber  all 
ready  for  use.’ 

(Searcey  appropriated  this  mangrove  wood  for  his  boat’s  furnace.) 
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The  material  traces  of  this  occupation  are  evident  today  in  the  form  of  ash, 
broken  potsherds  and  numerous  square  gin  bottle  fragments.  Excavation  showed’ 
that  the  deposit  is  up  to  eleven  inches  deep.  A  solitary  tree  of  Tamarinclus  indicus, 
the  Macassan  botanical  marker,  is  growing  there.  The  astringent  fruit  of  this  plant 
was  eaten  by  the  Macassans,  and  so  propagated  accidentally  around  the  coast. 
Real  forests  of  tamarinds  now  thrive  in  the  Port  Keats  area,  while  they  provide 
welcome  shade  for  the  Milingimbi  Methodist  Mission. 


Earlier,  between  South  Goulburn  Island  and  the  mainland,  Searcey  located 
‘two  proas  at  anchor  in  a  nice  and  apparently  well-sheltered  bay’.  This  I  believe  was 
Anuru  Bay,  an  archaeological  site  of  the  utmost  interest,  for  it  allows  us  to  recon¬ 
struct  the  operations  of  a  large  industrial  site.  The  essential  prerequisites  for 
Macassan  interest  are  there:  a  shelving  sandy  beach,  deep  water,  and  mangrove 
fuel  supply  nearby.  A  tamarind  tree  and  fourteen  rows  of  stones  which  served  as 
the  bases  upon  which  the  iron  pots  were  stood,  testify  to  Macassan  occupation. 
Hollows  in  the  sand  mark  sites  where  smokehouses  with  bamboo  walls  were  erected 
— the  fire  was  lit  in  the  hole,  to  avoid  burning  the  walls.  A  level  camp  area  and 
a  small  well,  stand  about  100  yards  away  from  the  main  industrial  complex.  The 
whole  area  is  littered  with  broken  potsherds,  most  of  them  the  texture  and  colour 
of  flowerpots,  but  including  some  Chinese  porcelain. 

Searcey  was  told  that  this  was  a  new  camp,  ‘the  one  they  had  been  in  the  habit 
of  using  having  been  washed  away’.  If  this  is  a  valid  identification,  everything  on 
it  post-dates  1880.  The  old  site  to  which  Searcey  referred  is  a  sandbank  off  South 
Goulburn  Island,  now  only  exposed  at  very  low  tide,  where  many  hundreds  of 
potsherds  have  been  collected  by  Professor  R.  M.  Berndt. 
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It  became  easy  to  ‘spot’  potential  sites.  Tamarind  trees,  deep  water  and  sandy 
beaches  which  offered  protection  from  the  north-west  monsoon,  adjacent  drinking 
water  and  ready  supplies  of  mangrove  wood — all  these  are  clues  for  the  searcher. 
Experience  suggests  a  further  basic  requirement — defence.  All  the  major  sites  are 
situated  on  islands,  promontories,  or  areas  offering  an  unobstructed  view  of  the 
hinterland.  It  suffices  here  to  state  that  those  Macassan  camps  visited  during  my 
survey  were  fleeting  affairs;  and  it  is  evident  that  relations  with  aborigines  were 
frequently  warlike.  In  six  major  sources  written  between  1818  and  1850,  this  is 
emphasized  by  phrases  such  as  ‘perpetual  warfare’,  ‘great  fear’,  ‘fortifications’. 
Stolces  reported  that  in  the  late  1830’s,  every  second  man  was  armed,  while  his 
mate  worked. 

Time  precludes  me  from  entering  many  of  the  byways  of  this  topic,  upon  which 
I  hope  to  research  more  fully.  It  is  necessary  to  touch  briefly  on  four  problems. 

1.  When  did  the  Macassans  first  come? 

2.  What  was  their  impact  on  aboriginal  society? 

3.  What  was  their  significance  for  European  period  history? 

4.  What  was  the  nature  of  the  economics  of  the  trepang  industry? 

We  know  when  the  contact  ceased — it  was  in  1907,  under  terms  of  the  Immi¬ 
gration  Restriction  Act.  However,  it  must  have  continued  sporadically.  There  are 
still  a  few  old  aboriginal  men  alive  who  worked  on  the  praus.  At  Elcho  Island  this 
September,  a  man  drew  me  a  crayon  sketch  of  a  prau,  complete  with  bamboo  cabin, 
tripod  mast  and  dugout  canoes.  This  man  is  thought  to  have  been  born  around 
1895,  and  he  would  have  been  possibly  too  young  to  have  sailed  as  a  crew  member 
in  1907. 

Flinders  was  told  that  the  Australian  industry  began  20  years  before  1803,  after 
praus  were  blown  to  Australia  from  the  Rottee  trepang  field.  This  seems  a  likely 
story  of  the  origins  of  the  industry,  though  the  chronology  needs  substantiation. 
However,  anthropologists  believe  that  a  much  longer  period  is  necessary  to  account 
for  the  numerous  Macassan  linguistic,  ceremonial,  artistic  and  cultural  influences 
on  Arnhem  Land  society.  Ronald  and  Catherine  Berndt,  who  have  written  more  on 
this  subject  than  anyone,  suggest  a  date  in  the  sixteenth  or  seventeenth  centuries  as 
the  minimum  requirement. 

The  pottery  on  the  trepang  sites  may  provide  the  vital  clue,  but  so  far  it  remains 
virtually  unstudied.  I  collected  1,100  pieces  on  six  sites  this  year;  hundreds  had 
already  been  collected  on  Winchelsea  Island  and  at  Port  Bradshaw  in  the  1940’s. 
On  the  sandbank  at  Goulburn  Island,  Berndt  has  collected  many  hundreds  more, 
in  addition  to  the  400  collected  by  myself.  Some  of  the  porcelain  has  been  tentatively 
dated  as  South-East  Asian  mainland  ware  of  the  seventeenth  century,  but  this 
remains  to  be  confirmed.  The  fact  is,  that  present  knowledge  of  historic  pottery 
ware  of  the  region  is  inadequate. 

Of  great  interest  are  the  square  gin  or  arrack  bottles,  so  common  on  all  sites. 
These  appear  to  be  mainly  of  Dutch  origin,  and  some  offer  obvious  chances  of 
close  dating,  for  the  manufacturer’s  trade  mark  is  preserved. 

At  Elcho  Island,  on  a  trepang  camp  site  visited  by  Searcey  in  1882,  three  Dutch 
coins  have  been  found  by  the  Methodist  Mission  authorities.  Two  are  dated  1790, 
while  the  third  is  1838;  incidentally,  close  in  time  to  Flinders’s  date  of  1783. 
There  are  two  other  intriguing  clues.  One  is  a  piece  of  Ming  porcelain  of  fifteenth 
or  early  sixteenth  century  origin  found  on  Groote  Eylandt  in  1948.  The  other 
is  the  soapstone  figurine  of  a  Chinese  Taoist  immortal,  Shou  Lao,  also  dating  from 
around  the  fifteenth  century.  It  was  found  embedded  in  a  banyan  tree  in  Darwin  in 
1879,  and  its  authenticity  seems  assured. 
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Until  further  fieldwork  and  pottery  studies  have  been  completed,  it  is  rash  to 
offer  more  than  these  two  observations.  It  is  well  known  that  the  Chinese  were 
active  in  Timor  and  elsewhere  in  Indonesia  during  the  fifteenth  century.  These 
finds  may  be  related  to  this  exploration  phase,  and  therefore  unconnected  with 
Macassan  enterprise.  My  own  impression  is  that  the  camp  sites  which  I  visited 
were  superficial  in  deposit,  and  there  is  an  apparent  identity  of  pottery  design, 
shape  and  colour,  on  all  sites,  including  those  Carpentaria  region  sites  described  by 
Berndt  and  others  in  the  1940’s.  The  surface  indications  are  unfavourable  to  a 
long  period  of  occupation.  As  an  archaeologist  interested  in  matters  of  antiquity, 
1  hope  that  my  first  impressions  prove  wrong. 

Berndt,  Donald  Thomson  and  other  anthropologists  have  demonstrated  con¬ 
vincingly  that  during  the  Macassan  era,  there  were  complex  influences  on  aboriginal 
society  which  made  a  fundamental  contribution  to  art,  mythology,  ceremonial, 
material  culture  and  language  of  Arnhem  Land.  I  must  refer  you  to  their  work, 
without  elaboration  here. 

I  have  mentioned  liquor  bottles  as  being  ubiquitous  on  all  camp  sites.  It  is 
significant  that  in  the  1930’s,  Professor  Thomson  found  that  a  replica  of  such 
square-faced  bottles  had  been  elevated  to  the  level  of  a  ceremonial  totem  in  the 
Glyde  River  area,  while  the  small  figures  painted  around  the  centre  of  the  totem 
were  trepang.  This  is  a  most  important  piece  of  documentation,  because  it  indicated 
the  extent  to  which  overseas  influences  permeated  aboriginal  thinking.  The  object 
was  foreign,  trepang  was  not  an  edible  commodity  in  aboriginal  economy;  yet  glass 
and  its  source  had  been  integrated  into  aboriginal  society. 

Today,  old  aborigines  reminisce  wistfully  about  the  ‘good  old  days’  of  Macassan 
contact.  It  was  not  always  so.  Without  elaborating  the  evidence  here,  nineteenth 
century  Macassans  were  wary  of  the  aborigines,  although  they  employed  them  as 
labourers  and  bartered  with  them.  And  there  were  severe  reprisals  from  Macassans 
on  occasion,  while  many  disputes  were  centred  around  aboriginal  women. 

Despite  constant  tension,  many  aborigines  were  taken  to  Macassar.  In  1829, 
four  Carpentaria  natives  went  on  the  one  prau;  in  the  1840’s  it  was  a  matter 
frequently  commented  upon  by  visitors  to  Port  Essington.  In  1878,  Captain  Cadell 
wrote  from  Macassar  to  the  South  Australian  Government  that  ‘numerous  aboriginal 
Australians  are  to  be  found  in  Macassar  as  hewers  of  wood  and  drawers  of  water, 
but  the  authorities  object  to  their  joining  the  vessels  of  their  fellow  subjects’.  Yet 
many  aborigines  did  return  to  Arnhem  Land,  and  the  influence  which  their  experi¬ 
ence  exerted  is  intriguing  but  immeasurable. 

It  is  my  contention  that  a  deep  knowledge  of  the  trepang  industry  is  the  pre¬ 
requisite  to  the  understanding  of  the  early  history  of  colonization  in  tropical 
Australia;  but  its  ramifications  extend  further  than  that.  Here  I  would  make  a  plea 
to  historians  of  the  south-east  Asian  region  between  1750  and  1850,  to  leave 
those  dreary  wastes  of  Colonial  Records  and  direct  their  attention  to  humbler 
sources,  the  better  to  comprehend  the  human  populations  involved.  I  believe  that 
intensive  study  would  establish  that  the  Macassans  never  ‘occupied’  the  northern 
coastline.  Their  visits  were  nomadic,  only  remaining  two  or  three  weeks  in  a 
locality  before  moving  on.  Except  for  the  stonework  erected  under  their  boilers, 
and  the  wells  sunk  for  water,  they  left  no  permanent  structures.  They  brought 
their  canoes  and  trepanging  gear  with  them;  their  huts,  smokehouses,  drying  racks, 
and  roofing  were  all  bamboo,  matting,  and  rattan  prefabrications  brought  on  the 
praus.  Unless  thin  section  studies  of  the  pottery  prove  to  the  contrary,  I  cannot 
accept  Berndt’s  interpretation,  based  upon  native  traditions,  that  pottery  was  made 
in  Arnhem  Land  from  termite  nest  clay.  The  pottery  is  too  well  turned  and  fired; 
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there  is  no  indication  of  kilns,  wasters,  and  so  on;  the  Macassans  were  fully 
occupied  with  more  gainful  activities;  there  are  some  indications  that  pottery  was 
supplied  from  Celebes  and  the  Kai  Islands. 

I  have  said  that  their  sites  were  placed  on  islands  and  other  protected  areas; 
they  did  not  penetrate  beyond  the  mangrove  fringes.  There  is  documentary  evidence 
of  their  situation.  In  1828,  a  small  Macassan  fleet  called  at  the  British  Colony  at 
Raffles  Bay,  where  they  requested  British  protection.  Of  the  several  writers  who 
testify  to  this,  one  commented : 

‘they  found  themselves  protected  from  the  Indians,  and  were  able  to  repair 
their  vessels  without  being  molested  by  them.  Previous  to  our  occupation  .  .  . 
they  were  accustomed  to  resort  for  these  purposes  to  a  small  island  outside’. 

With  official  encouragement,  they  departed,  promising  to  return  and  settle  there, 
next  season.  In  1 829  they  arrived  with  wives,  children  and  trade  goods,  to  find  the 
settlement  abandoned  by  the  British. 

In  late  1838  Port  Essington  was  founded.  During  March  1839,  praus  arrived 
in  the  harbour.  Captain  Stokes,  of  Beagle ,  records: 

‘their  owners  solicited  permission  to  erect  their  establishments  for  curing 
trepang  under  the  protection  of  the  British  flag.  This  being  granted,  they  made 
choice  of  a  spot  on  the  beach,  and  a  little  subsidiary  settlement  soon  sprang  up. 
Being  now  for  the  first  time  secure  from  the  attacks  of  the  natives,  .  .  .  they 
expected  to  pursue  their  occupation  with  far  greater  advantage  to  themselves’. 

It  is  interesting  to  reflect,  that  the  preservation  of  the  Northern  Territory  as 
an  area  of  exclusively  white  colonial  enterprise,  is  perhaps  due  to  the  activities  of 
its  aboriginal  inhabitants. 

Between  1824  and  1849  there  were  three  attempts  to  colonize  the  North: 
Melville  Island,  Raffles  Bay  and  Port  Essington.  Their  foundation  and  abandon¬ 
ment  needs  detailed  study  by  historians.  It  should  reveal  changing  imperial  designs. 
Common  to  all  of  them,  however,  is  an  obsession  with  Bugis  enterprise  in  Australia 
and  the  far  east  of  the  present  Indonesian  area,  centred  on  the  Aru  Islands  and 
Ceram.  There  is,  for  example,  a  close  link  between  the  activities  of  Raffles  and 
his  supporters,  and  propaganda  about  this  region.  Eulogies  about  Bugis  traders 
who  ‘have  scattered  our  manufactures  over  the  whole  of  the  Achipelago’,  must  be 
interpreted  in  the  knowledge  of  Dutch  trade  monopoly,  Raffles’s  deliberate  advocacy 
of  Bugis  independence,  and  desire  for  an  easterly  British  counterpart  to  Singapore, 
founded  1819. 

So  it  was,  that  propaganda  for  the  first  settlement  in  1823  claimed  that  the 
Macassan  trepang  praus  were  of  a  100  tons  burthen  and  made  a  £180,000  harvest 
each  year.  It  was  with  such  optimism  and  faulty  data  that  Britain  entered  the  area. 
It  explains  why  the  rather  miserable  crews  were  welcomed,  and  why  similar 
propanganda  accompanied  the  Port  Essington  venture.  But  because  of  changing 
concepts  of  the  imperial  idea,  during  the  second  part  of  the  century,  sea-slugs  and 
British  imperialism  ceased  to  be  a  synonymous  interest.  The  South  Australian 
government  went  to  considerable  trouble  to  discourage  the  Macassans.  Cadell,  at 
Macassar  in  1878,  penned  thoughts  totally  at  variance  with  the  early  acceptance 
of  the  Bugis.  He  viewed 

‘with  a  strong  sense  of  shame  and  injustice  the  departure  of  a  fleet  of  “slavey 
allies”  to  shores  that  ought  to  be  held  sacred  for  the  “sons  of  the  soil”  and 
the  policy  of  the  government  of  a  free  Colony  of  Great  Britain  that  persistently 
ignores  British  rights  in  favour  of  the  compulsory  labour  of  the  alien  and 
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knowingly  sacrifices  British  interests  to  the  agrandisement  of  the  Asiatic  bond¬ 
holder’. 

In  1882  the  South  Australian  government  introduced  economic  measures  to  termin¬ 
ate  the  trade. 

Was  trepanging  a  viable  industry?  Whenever  it  began,  Flinders  witnessed  the 
industry  at  its  peak.  I  have  collected  data  from  all  sources  known  to  me,  and 
consider  the  60  praus  claimed  by  Flinders  to  be  the  maximum  number  engaged 
in  the  trade.  After  1850,  the  number  may  be  fewer  than  25.  I  suspect  that  during 
this  latter  period,  the  size  of  craft  decreased  also.  It  still  remains,  that  upwards  of 
1,000  or  1,200  men  may  have  been  engaged  in  the  industry  in  the  earlier  nine¬ 
teenth  century. 

Fortunes  of  the  industry  must  have  been  greatly  affected  by  erratic  fluctuations 
in  the  Chinese  price  of  trepang.  1822  and  1887  were  years  when  the  price  arbitrarily 
halved,  for  reasons  unknown  to  me.  In  any  case,  price  per  picul  (133  lb)  ranged 
between  5  and  70  dollars,  depending  upon  the  grade.  Australian  trepang  was  not 
of  first  quality,  and  an  1820  source  ranks  it  sixth  of  the  thirty  grades. 

Australian  trepang  travelled  farther  than  any  other  Bugis  trepang,  and  I  suspect 
that  keeping  it  dry  and  free  from  decay  may  have  imposed  great  problems — it  was 
all  redried  at  the  end  of  the  season,  before  leaving  the  Cobourg  Peninsula. 
Melanesian  and  Queensland  trepanging,  based  on  European  control,  may  have 
represented  serious  competition  in  the  later  part  of  the  century,  for  the  trepang 
there  was  of  preferred  quality.  6 

It  was  a  hazardous  industry.  Literature  abounds  with  records  of  wrecks,  par¬ 
ticularly  on  Melville  Island,  and  massacres  of  crews  by  aborigines.  In  1847*  four 
praus  were  wrecked,  while  in  1890  three  out  of  thirteen  were  lost.  Then  there  were 
pirates,  who  cruised  on  the  shipping  lane  north  of  Timor  and  off  Flores.  Three 
praus  were  captured  by  pirates  in  one  year,  around  1840. 

To  these  hazards,  in  the  1880’s,  the  South  Australian  government  added  duties 
on  trade  goods  bartered  to  aborigines,  and  a  licence  to  fish.  Searcey’s  thumb  was 
the  deciding  rule  in  tax  levy.  In  1890,  total  taxes  collected  from  praus  averaging 
16  tons,  ranged  from  £37  to  £62  (possibly  a  tax  of  7%  on  the  value  of  the  cargo). 
The  following  year,  rice  tax  rose  by  id  lb  and  grog  was  taxed.  In  the  same  year] 
Queensland  trepang  captains  of  vessels  of  comparable  size  paid  only  £6  tax. 

Two  legal  documents  dating  from  the  1850’s  and  1880’s  establish  that  captains 
and  crews  were  even  more  unfortunate.  The  Macassan  praus  were  owned  by  a 
small  group  of  Chinese  merchants  in  Macassar,  and  these  documents  arc  their 
contracts  with  captains  on  the  Australian  trade  (three  men  owned  most  of  the 
1878  fleet). 

Suffice  it  to  say  that  the  owner  received  a  third  of  the  profits  and  a  brokerage 
commission  on  the  remainder  of  the  cargo,  for  selling  it.  He  advanced  loans  to 
captain  and  crew  for  their  food  and  equipment.  These  advances  were  normally 
greater  than  the  total  possible  profit,  and  a  clause  forbade  a  crew  member  to  leave 
his  employment  until  debts  were  paid.  Cadell  met  one  man  in  1878  who  had 
25  years’  crew  service,  and  was  still  100  rupees  in  debt.  If  there  was  no  profit, 
everybody  shared  the  loss. 

Given  a  profit,  after  repayment  of  all  advances  to  the  captain,  the  balance  was 
shared  in  the  proportion  of  three  to  captain  and  one  to  crew.  Crew  size  averaged 
thirty,  and  therefore  the  greatest  expectation  of  a  crew  member  would  be  a  return 
of  less  than  one  per  cent  of  any  profit;  there  were  further  daunting  limiting  con¬ 
ditions  in  the  contract.  Australia’s  earliest  international  trade  was  not  her  most 
successful  venture.  It  seems  probable,  however,  that  the  aborigines  derived  more 
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benefit  from  it  than  the  prau  crews  engaged  in  it.  The  balance  of  payments  lay  in 
their  favour. 

A  Note  on  some  of  the  Chief  Sources 

Flinders’s  letter  to  Banks  is  in  the  correspondence  of  R.  Brown,  British  Museum 
Ms.  32,439,  p.  82. 

Cadell’s  letter  to  the  Minister  of  Education  is  in  the  South  Australian  Archives, 
No.  83,  1879. 

The  most  extensive  modern  discussion  of  the  subject  is  R.  M.  and  C.  H.  Berndt, 
Arnhem  Land ,  Melbourne  1954,  which  includes  a  useful  bibliography;  see  also, 
the  article  by  R.  M.  Berndt  in  Hemisphere ,  March  1965.  Additional  anthropological 
material  is  provided  in  D.  F.  Thomson,  Economic  Structure  and  the  Ceremonial 
Exchange  Cycle  in  Arnhem  Land ,  Melbourne  1949.  The  most  reliable  of  A. 
Searcey’s  books  is  In  Australian  Tropics ,  London  1907. 

Of  the  explorers,  the  journals  of  M.  Flinders  (1814),  P.  P.  King  (1827), 
J.  L.  Stokes  (1846)  and  J.  B.  Jukes  (1847)  are  outstanding.  For  the  organization 
of  the  industry  in  Indonesia,  see  J.  Crawfurd,  The  History  of  the  Indian  Archi¬ 
pelago, ,  3  vols.,  Edinburgh  1820.  For  similar  material,  and  for  propaganda  for  the 
colonization  of  northern  Australia,  the  numerous  publications  of  G.  W.  Earl  are 
essential.  Especially  consult  his  The  Eastern  Seas ,  London  1837,  and  Handbook 
for  Colonists  in  Tropical  Australia ,  London  1882  (1863).  G.  E.  P.  Collins,  East 
Monsoon ,  New  York  1937  provides  discursive  details  concerning  Macassan  praus; 
see  also  A.  R.  Wallace,  The  Malay  Archipelago ,  London  1869.  W.  Saville-Kent, 
The  Great  Barrier  Reef  of  Australia,  London  1893,  described  the  Holothuridae 
and  the  Queensland  trepang  industry. 
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TERTIARY  STRATIGRAPHY  OF  THE  MORNINGTON  DISTRICT, 

VICTORIA 
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Abstract 

The  Tertiary  sequence  of  the  Mornington  Peninsula  is  best  exposed  in  the  coastal  region 
between  Frankston  and  Mt  Martha,  referred  to  as  the  Mornington  District.  The  detailed 
stratigraphy,  sedimcntology,  and  structure  of  the  Tertiary  strata  of  this  area  are  described. 

Sedimentation  during  the  Tertiary  began  with  the  deposition  of  fluviatile  sediments 
including  coarse  gravels,  sands,  and  finer  carbonaceous  silts.  A  period  of  basic  volcanic  activity 
intervened  during  the  Oligocene. 

During  the  Miocene  a  marine  transgression  began  with  the  deposition  of  littoral  and 
near-shore  sands.  These  form  the  Mt  Martha  Sand  Beds  in  the  south  whereas,  at  Manyung 
Rocks  to  the  north,  a  much  thinner  sand  layer  is  succeeded  by  deeper  water  silts  of  Batesfordian 
age.  Fluviatile  conditions  recurred  in  the  south  and  the  thin  Harmon  Rocks  Sand  Bed  was 
deposited. 

The  early  marine  phase  was  followed  during  the  Balcombian,  by  widespread  deposition 
of  marine  calcareous  clayey  silts  forming  the  Balcombe  Clay.  The  maximum  trangression 
during  the  Balcombian  and  Bairnsdalian  was  followed  by  gradual  withdrawal  of  the  sea. 
Shallow  marine  conditions  were  present  towards  the  end  of  the  Bairnsdalian  when  the  fine 
Marina  Cove  Sand  was  deposited.  The  regression  was  completed  during  the  late  Tertiary  with 
a  change  to  fluviatile  conditions  and  the  deposition  of  the  Baxter  Sandstones. 

Much  of  the  faulting  in  the  Mornington  District  occurred  during  the  late  Tertiary  and 
was  accompanied  or  followed  by  a  period  of  intense  leaching  and  ferruginization  which  affected 
all  the  near-surface  beds. 

Introduction 

Regional  Geology  of  the  Mornington  Peninsula 

The  bedrock  of  the  Mornington  Peninsula  consists  of  steeply  folded  Ordovician 
and  Silurian  sediments,  intruded  by  granitic  plutons  of  probable  Upper  Devonian 
age  (Fig.  1).  A  small  fault  remnant  of  non-marine  Mesozoic  sediments  occurs  near 
Mornington.  „  ,  .  ,  , 

The  Palaeozoic  rocks  may  be  regarded  as  forming  the  central  axis  of  the 
Peninsula,  flanked  on  either  side  by  a  variable  thickness  of  Tertiary  sediments  and 
volcanics.  Lower  Tertiary  basalts  cover  much  of  the  southern  part  of  Mornington 
Peninsula,  whereas  undifferentiated  ferruginous  sands  and  clays  form  the  surface 
of  the  central  and  northern  parts.  Exposures  of  other  Tertiary  sediments  are 
restricted  to  the  Mornington  District  in  the  north-west,  and  to  a  small  limestone 
outcrop  at  Flinders  in  the  south.  In  other  areas  the  Tertiary  sequence  can  be 
studied  only  in  bores,  as  at  Tyabb  in  the  north-east,  or  underlying  thick  Quaternary 
sediments  of  the  Nepean  Peninsula. 

Tectonic  Setting 

During  the  Tertiary,  tectonic  activity  on  Mornington  Peninsula  was  restricted 
to  normal  faults  with  associated  flexures  and  broad  folds.  Several  faults  have  shown 
recurrent  movement  and  probably  date  back  to  the  Palaeozoic.  The  strike  of  the 
major  faults  is  parallel  to  the  trend  of  the  folded  Palaeozoic  sediments  although 
several  cross  faults  and  diagonal  faults  are  known  (Keble  1950,  p.  34). 
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Fig.  1 — Locality  Map. 


Selwyn  Fault  is  by  far  the  most  important  of  the  Tertiary  structures.  It  forms 
the  western  edge  of  the  Peninsula  and  has  downfaulted  Tertiary  sediments  in  the 
Nepean  Peninsula  and  Port  Phillip  Bay  to  the  west.  The  faults  on  the  eastern  side 
of  Mornington  Peninsula  are  comparatively  small,  and  the  Tertiary  sediments  of 
Western  Port  Bay  are  downthrown  to  the  east.  The  Mornington  Peninsula  is  thus 
a  relatively  uplifted  block  with  a  prominent  graben  to  the  west  (the  Port  Phillip 
Sunkland),  and  a  lesser  negative  area  to  the  east  (the  Western  Port  Sunkland). 
The  Tertiary  sequence  of  the  Mornington  District  has  been  deposited  on  the 
upthrown  side  of  Selwyn  Fault,  and  is  thus  relatively  thin  when  compared  with 
equivalent  sediments  in  the  bores  of  the  Nepean  Peninsula.  These  bores  indicate 
the  throw  to  have  been  over  2,000  ft  during  the  Cainozoic. 

Gravity  Data:  Gravity  observations  of  Port  Phillip  Bay  and  the  Mornington 
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Peninsula  clearly  show  the  Selwyn  Fault  structure  to  be  of  primary  importance  in 
the  area  (Gunson,  Williams,  &  Dooley  1959). 

Off  the  coast  of  Mt  Martha  and  Dromana,  the  gravity  contrast  is  about 
10  milligals  over  a  distance  of  a  mile,  and  assuming  a  maximum  density  contrast 
of  0-6  gm/cc,  the  minimum  displacement  would  be  about  1,300  ft.  Seeing  that 
the  total  contrast  in  the  area  is  some  40  milligals,  the  actual  throw  on  Selwyn 
Fault  is  very  much  greater. 

The  negative  anomaly  in  the  southern  part  of  Port  Phillip  Bay  may  partly 
result  from  downfaulted  Mesozoic  sediments,  a  small  remnant  of  which  may  be 
seen  near  Mornington.  An  E.-W.  gravity  trend  line  offshore  from  the  northern  coast 
of  Bellarine  Peninsula  to  Mornington  suggests  the  northern  limit  of  these  sediments 
in  Port  Phillip  Bay,  and  is  supported  by  the  available  geological  information  on  the 
western  and  northern  coasts  of  the  Bay. 

Off  the  Frankston  coast  the  gravity  contrast  is  some  20  milligals,  and  because 
no  Mesozoic  sediments  are  expected  to  be  involved,  the  displacement  of  Cainozoic 
strata  is  still  considered  to  be  greater  than  2,000  ft. 

Previous  Literature 

Before  the  present  century  the  Tertiary  sediments  of  the  Mornington  District 
were  briefly  referred  to  by  Selwyn,  McCoy,  and  Tate  &  Dennant.  Kitson  in  1900, 
and  Hall  &  Pritchard  in  1901,  described  the  regional  geology  of  the  area  and 
provided  sketch  maps  along  with  a  few  illustrated  sections.  The  latter  authors  also 
gave  a  comprehensive  faunal  list  from  the  well  known  locality  at  Fossil  Beach 
(Mornington),  and  from  other  outcrops  of  the  Balcombe  Clay. 

Except  for  a  couple  of  papers  by  Chapman  and  Keble,  most  of  the  later  reports 
were  concerned  with  descriptions  of  fossils,  and  made  only  passing  reference  to  the 
stratigraphy.  A  full  bibliography  of  this  literature  was  published  by  Singleton 
( 1 941 ) .  who  also  clarified  certain  problems  relating  to  the  stratigraphy  and  structure 
of  the  Balcombe  Clay,  and  gave  a  correlation  with  other  Victorian  Tertiary 
sequences. 

Keble  in  the  Memoir  on  the  Mornington  Peninsula  (1950)  reviewed  the  exist¬ 
ing  literature,  assembled  the  stratigraphic  data,  and  gave  several  original  cross 
sections.  It  can  be  remarked,  however,  that  no  detailed  stratigraphic  correlation  or 
study  of  the  petrology  of  the  Tertiary  sediments  has  been  made  in  the  Mornington 
District.  References  to  specific  publications  are  further  made  in  the  relevant  parts  of 
the  text. 

Method  of  Study  and  Presentation  of  Results 

In  the  following  text,  23  Sections  and  Localities  representative  of  the  Tertiary 
sequence  in  the  area,  are  described  in  order  preceding  from  Frankston,  S.  to  Mt 
Martha.  Their  positions  are  shown  on  Fig.  4.  Unless  otherwise  specified,  sections 
are  based  on  mean  low-tide  level.  Reference  to  a  particular  bed  within  a  section  is 
simplified  by  combining  the  section  number  with  the  appropriate  letter  of  the  bed: 
e.g.  bed  (g)  of  Section  10A  is  referred  to  as  bed  10A(g).  Nearly  all  the  lithological 
descriptions  were  made  during  field  work,  but  where  laboratory  study  showed 
inaccuracy,  the  descriptions  were  modified. 

The  term  ‘calcareous’  is  used  to  denote  the  presence  of  carbonate,  mainly  in  the 
form  of  calcite.  Similarly  ‘non-calcareous’  means  the  absence  of  carbonate,  and  not 
necessarily  the  absence  of  calcium.  The  term  ‘ferruginous’  signifies  the  intense 
colouration  resulting  from  the  presence  of  iron  oxides.  On  exposure  this  is  usually 
accompanied  by  varying  degrees  of  cementation.  The  term  ‘cemented’  is  used  to 
emphasize  such  lithification. 
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Grain  size  analysis  of  the  sand  components  of  a  sediment  was  carried  out  by 
dry  sieving,  and  an  adaptation  of  the  hydrometer  method  was  used  for  silts  and 
clays.  Results  were  plotted  on  cumulative  log-probability  paper  and  for  samples 
that  were  not  strongly  bimodal,  statistical  parameters  of  Inman  (1952),  and  the 
mean  size  and  standard  deviation  of  Folk  &  Ward  (1957)  were  determined. 
The  <£  grain  size  notation  (Krumbein  1934)  has  been  used  throughout,  and  the 
descriptive  sorting  classification  is  that  of  Friedman  (1962).  After  sieving,  the 
general  mineralogy  and  roundness  of  the  sands  were  determined  using  a  binocular 
microscope,  the  roundness  scale  being  that  of  Powers  (1953).  Further  details  of 
the  analytical  methods  employed  may  be  seen  in  Gostin  (1964). 
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Geology  of  the  Mornington  District  with  Descriptions 
of  Measured  Sections 

The  coast  from  Frankston  to  Mt  Martha  provides  almost  all  the  significant 
Tertiary  exposures  in  the  Mornington  District.  Dennant  and  Grices  Creeks  are  the 
only  inland  localities  that  reveal  a  Tertiary  sequence,  and  then  only  after  heavy 
rains  have  cleared  away  the  abundant  debris.  Along  the  coast,  the  generally  weak 
nature  of  the  sediments  has  resulted  in  severe  landslips  and  abundant  hillwash,  so 
that  well  exposed  sections  are  rare.  The  first  locality  is  about  i  mile  S.  of  the 
Frankston  Jetty,  before  the  rise  up  Olivers  Hill,  where  a  small  projecting  cliff  shows 
a  sedimentary  sequence  dipping  at  10°-20°  northward. 


Section  1 :  Base  of  Olivers  Hill 


Bed  Thickness 


Description 


(f) 

7'  + 

(e) 

c.  5' 

(d) 

c.  V 

(c) 

2 '-?/ 

(b) 

3' 

(a) 

c.  8' 

Strongly  weathered  and  partly  ferruginized  basalt. 

Fine  to  coarse  sands.  Upper  part  of  bed  obscured  by  detritus  and  probably 
landslipped. 

Coarse  clayey  sands.  Discontinuous  and  with  gradational  boundaries. 

Medium  clayey  sands. 

Very  coarse  quartz  grit,  with  little  clay. 

Cobble  gravel  or  conglomerate,  with  pebbles,  cobbles,  and  a  few  boulders  of 
Palaeozoic  rocks  (largest  measured:  15"  X  9"  X  7").  Interstices  filled  with 
sand  and  silt.  Cobbles  mainly  of  sandstone  and  quartzite,  some  dark  grapto- 
litic  shale  and  spotted  slate,  rare  reef  quartz.  Sandstone  cobbles  arc  faceted 
with  rounded  corners;  shale  pebbles  are  sub-rounded  tabular.  The  bed  is 
strongly  weathered. 

The  shore  platform  consists  of  fractured  granite  which  rises  up  to  20'  above 
sea  level.  The  granite  is  strongly  weathered  in  the  cliffs. 
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This  section  was  first  described  and  illustrated  by  Kitson  (1900,  p.  7).  The 
granite  at  the  base  can  be  followed  S.  to  Landslip  Point  where  the  following  section 
was  measured. 


Section  2:  Landslip  Point 


Bed  Thickness 


Description 


(i) 

25'  + 
2'  + 

(h) 

(g) 

4" -9" 

(f) 

4" 

(e) 

1' 

(d) 

6"-9" 

(c) 

11' 

5' 

(b) 

w 

(a) 

3' 

Loose  and  slipped  sequence  of  mottled,  ferruginous  silts,  sands,  and  fine  gravels. 

Olive-grey,  structurally  homogeneous  clayey  silt. 

Irregular,  ferruginous  and  partially  cemented,  red-brown  horizon,  with  a  fine 
texture,  and  containing  moulds  of  Tertiary  mollusca. 

Average  thickness  of  olive-grey  clayey  silt  with  impressions  of  mollusca.  Basal 
part  consists  of  lenses  of  silt  in  a  sandy  matrix. 

Coarse,  poorly  sorted  clayey  sand. 

Friable  well  sorted  medium  sand.  Yellowish  grey  colour  and  with  a  few 
ferruginized  worm  burrows. 

Yellow  to  red,  ferruginous  coarse  and  fine  grits.  Steep  cross-bedding.  Cemented 
in  irregular  layers. 

Covered  interval. 

Coarse  sand  grit;  arkosic,  with  felspars  decomposed  to  clay. 

Discontinuous  layer  of  cobble  gravel,  or  conglomerate.  Pebbles  and  cobbles 
of  Palaeozoic  sandstone,  quartzite,  and  shale. 

Strongly  fractured  and  weathered  granite  rising  from  sea  level  up  to  about  30'. 
At  the  base  of  the  section  and  within  the  granite,  are  veins  of  siderite, 
partly  or  completely  oxidized  to  limonite. 


Basalt  was  not  seen  at  this  point  but  occurs  a  short  distance  to  the  south  where 
the  beds  dip  down  to  sea-level.  Its  stratigraphic  position  is  some  20  ft  below 
bed  2(g)  according  to  Kitson  (1900,  Section  C-D)  and  Hall  &  Pritchard  (1901, 
p.  36)°This  latter  bed,  which  is  fossiliferous,  can  be  traced  for  some  40  yds  along 
the  cliff  face,  beyond  which  it  has  been  obscured  by  landslips. 

Locality  3  is  a  very  small  projecting  point  about  }  mile  S.  of  the  previous 
locality.  The  cliffs  consist  of  fractured  and  partially  weathered  granite  overlain  by 
more  than  8  ft  of  a  cobble  gravel  or  conglomerate,  being  the  continuation  of 
bed  2(a).  The  granite  surface  slopes  down  to  the  north  from  30  to  15  ft  above 
sea  level,  whereas  the  point  itself  consists  of  partially  weathered  basalt  which  is 
downfaulted  against  the  granite.  The  fault  zone  is  several  feet  wide  and  contains 
sheared  and  strongly  weathered  coarse  sandy  gravel.  Both  Kitson  (1900,  p.  7)  and 
Hall  &  Pritchard  (1901,  p.  37)  were  puzzled  by  this  outcrop,  but  did  not  regard 
it  as  resulting  from  a  high-angle  normal  fault,  with  a  strike  almost  parallel  to  the 
shore  Northward,  the  fault  appears  to  pass  inland  from  Landslip  Point,  whereas 
southward  it  lies  a  few  yards  off-shore  and  may  be  followed  to  the  mouth  of 
Naringalling  Ck.  On  the  S.  side  of  this  creek  the  fractured  granite  forms  a  cliff 
about  80  ft  high.  The  shore  platform  consists  of  weathered  and  partly  ferruginous 
basalt,  which,  a  few  yards  to  the  south,  overlies  the  granite  high  in  the  cliff.  The 
junction  here  is  sharp  and  no  intervening  gravel  was  seen.  The  average  strike  of 
the  fault  is  thus  about  40°T  (true  bearing),  with  downthrow  to  the  NW.  It  follows 
that  the  coast  S.  of  this  point  should  reveal  younger  strata,  seeing  that  it  lies  on 
the  W.  side  of  the  fault.  This  is  borne  out  by  the  presence  of  marine  Tertiary 
sediments  at  Daveys  Bay,  probably  equivalent  to  the  marine  beds  2(f)-(h)  at 
Landslip  Point. 

The  coast  on  the  eastern  side  of  Daveys  Bay  is  severely  landslipped  and  forms 
a  low  point,  on  the  western  side  of  which,  at  Locality  4,  some  grey  clayey  silt  is 
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exposed.  This  sediment  is  non-calcareous  but  contains  faint  impressions  of  Tertiary 
mollusca.  It  is  stained  yellow  along  the  numerous  joints.  Stratigraphic  relationship 
to  the  adjacent  mottled  and  ferruginous  sands  and  clays  is  confused  by  the  landslip. 

Some  200  yds  S.,  at  Locality  5,  a  cliff  of  relatively  undisturbed  sediment  rises 
some  80  ft  above  sea  level.  The  section,  dipping  gently  to  the  south  is  as  follows: 

Section  5:  Daveys  Bay 


Bed  Thickness  Description 


(c) 

(b) 

(a) 


50'  -f  Mottled  red  and  grey  sands  and  clayey  sands, 
c.  5'- 10'  Very  fine,  yellow  and  partly  ferruginous  sands. 

20'  Light  grey,  olive  and  yellow  mottled  silts  and  clays.  Indistinctly  layered.  Worm 
burrows  and  siliceous  sponges  present.  (This  bed  forms  a  platform  below 
sea  level.) 

5'  Beach  sand,  covered  interval. 


At  Davey  Point,  ferruginous,  mottled,  and  partially  cemented  sands  and  clayey 
sands  form  cliffs  about  30  ft  high.  Strongly  cemented  blocks  of  the  same  material, 
‘ironstones’,  cover  all  the  shore  platform.  On  the  western  side  of  the  point,  the 
following  section  was  measured: 


Section  6:  Davey  Point 


Bed  Thickness 


Description 


(c) 

15'  + 

(b) 

c.  10' 

(a) 

p+ 

4' 

Buckshot  gravel  at  the  surface. 

Ferruginous,  mottled  and  partially  cemented  coarse  sands,  and  finer  clayey 
sands.  Cross-bedded. 

Yellow  very  fine  sand,  ferruginous  and  partially  cemented.  Lower  half  of  bed 
poorly  exposed. 

Olive  yellow  silt  or  fine  clayey  sand.  Very  poor  exposure  and  possibly  grading 
into  bed  (b). 

Covered  interval. 


Comparison  with  Section  5  shows  a  general  correspondence,  and  seeing  that 
both  sequences  are  almost  flat-lying,  a  gentle  undisturbed  westerly  to  south-westerly 
dip  must  be  present.  The  general  structure  of  the  beds  from  Sections  1  to  6  is 
summarized  in  Fig.  2.  The  top  of  bed  6(b)  has  a  slight  southerly  dip,  so  that  the 
next  point  to  the  south  (Pelican  Point)  consists  entirely  of  the  overlying  ferruginous, 
cemented,  and  generally  coarse  sands. 

Between  Pelican  Point  and  Grices  Ck,  the  coastal  section  consists  entirely  of 
ferruginous,  poorly  sorted  coarse  to  fine,  and  clayey  sands.  The  headlands  are 
composed  of  well  cemented  sands  (ironstones),  whereas  bays  have  developed  in 
regions  of  less  intense  cementation  (e.g.  Canadian  Bay).  The  sands  usually  show 
steep  cross-bedding,  with  sets  of  cross-strata  up  to  1  ft  thick.  Dips  measured  on 
the  major  bedding  planes  are  plotted  on  Fig.  4. 

Inland  from  the  coast,  the  surface  of  the  land  rises  up  to  Mt  Eliza  (504'),  and 
consists  of  undifferentiated  ferruginous  sands  capped  with  buckshot  gravel.  Above 
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Fig.  2 — Locality  map  of  the  coast  between  Frankston  and  Pelican  Point  showing 

three  cross-sections. 
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300  ft,  however,  only  a  thin  sand  layer  overlies  the  weathered  granite.  Three  small 
creeks  in  this  area  provide  exposures  of  strata  underlying  the  ferruginous  sands. 
Ballar  Ck,  to  the  north,  shows  some  weathered  olive-grey  clay  or  silt,  but  a 
carbonate  concretion  with  Tertiary  fossils  was  also  found.  Calcareous  silt  with 
Tertiary  mollusca  has  been  previously  recorded  from  this  locality  (Kitson  1900, 

p.  10). 

The  basalt  exposed  in  the  bed  of  Dennant  Ck  (see  Fig.  4)  approaches  to  within 
i  mile  of  the  coast,  where  at  Locality  7A  some  grey  calcareous  silty  clay  occurs.  This 
contains  Tertiary  fossils  (mainly  mollusca)  and  layers  of  carbonate  concretions. 
Its  junction  with  the  basalt  is  obscured  and  is  considered  to  be  a  fault,  downthrown 
to  the  NW. 

The  calcareous  silt  forms  the  bed  of  Dennant  Ck  down  to  about  200  yds  from 
the  coast  where  the  following  section  is  exposed. 

Section  IB:  Downstream  Dennant  Ck 


Bed  Thickness  Description 


(e) 

4'  + 

Boulders,  pebbles,  and  sand  detritus.  Not  ferruginous  or  cemented,  and  similar 
to  the  present  creek  debris.  (Valley-side  remnant  of  a  ?  Quaternary  creek- 
level  ) 

(d) 

c.  8' 

Coarse  sands  with  steep  cross-bedding.  Mottled  yellow,  red,  and  purple.  Cem¬ 
ented  with  limonite  along  irregular  bands. 

(c) 

3' 

Interbedded  fine  and  coarse  sands,  red  to  yellow  colour  and  partly  cemented 
with  limonite.  Fine  quartz  gravels  at  the  base,  which  is  scoured.  Pebbles  of 
clay,  basalt,  and  ?  granite  also  occur. 

(b) 

5' 

Yellow-brown  very  fine  sand.  Homogeneous  except  for  rare  clayey  pellets  near 
the  top.  Strongly  and  irregularly  ferruginized  at  the  base. 

(a) 

1' 

Yellow  clayey  silt.  Some  30  yds  upstream,  a  better  exposure  of  this  bed  grades 
into  the  underlying  grey  calcareous  clayey  silt  with  Tertiary  mollusca. 

Base  level  is  the  bed  of  the  creek  which  is  about  2(Y  above  sea  level. 

The  only  Tertiary  outcrops  between  this  section  and  the  mouth  of  the  creek 
are  those  of  ferruginous  coarse  sands  similar  to  bed  7B(d).  At  the  headland  S.  of 
Dennant  Ck  these  cross-bedded,  coarse  sands  are  overlain  by  finer  massive  sands 
of  unknown  extent. 

Grices  Ck,  the  next  stream  to  the  south,  shows  a  similar  sequence  of  exposures. 
Its  headwaters  are  in  sands  and  weathered  granite,  which  may  be  followed  down 
to  the  foot  of  a  small  private  dam  (near  Albatross  Av.).  At  this  point,  the  granite 
is  overlain  by  a  thin  gravel  or  weathered  conglomerate  and  a  few  feet  of  coarse 
granite  wash,  which  underlies  weathered  basalt.  The  sequence  is  thus  closely 
comparable  with  the  other  Lower  Tertiary  exposures  nearer  Frankston  (Sections 
1  and  2). 

The  basalt  thickens  downstream,  and  forms  the  bed  of  the  creek  until  some 
150  yds  from  the  coast.  Here  at  Locality  8,  it  is  succeeded  by  calcareous  clayey 
silt  with  carbonate  concretions  and  abundant  Tertiary  fossils  (Fig.  3  and  4). 

The  structure  is  essentially  that  of  a  normal  fault  in  the  vicinity  of  the  silt- 
basalt  junction.  The  strong  upward  drag  on  the  clayey  silt  has  resulted  in  high 
dips  (up  to  60°)  near  the  fault.  These  steadily  decrease  downstream,  away  from 
the  structure.  Such  a  fault  was  suggested  by  Singleton  (1941,  p.  82).  Keble,  who 
apparently  did  not  see  the  upstream  exposure,  thought  the  dips  to  be  initial,  and 
thus  gave  a  misleading  section  along  the  creek  (Keble  1950,  Fig.  33). 
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The  thicknesses  of  the  fossiliferous  exposures  in  Grices  Ck  are  as  follows: 


Section 

Thick¬ 

No. 

ness 

8B 

Downstream  section 

c.  5  O' 

Covered  Interval 

c.  iv 

8A 

Upstream  section 

c.  3  O' 

The  thickness  given  for  the  covered  interval  is  based  on  the  assumption  that 
the  section  is  not  further  disturbed  by  faulting.  . 

S.  of  Grices  Ck,  the  low  coastal  cliffs  consist  of  similar  calcareous  silts,  which 
have  an  apparent  dip  to  the  north.  However,  detailed  measurement  of  the  sequence 
was  prevented  by  the  lack  of  good  exposures.  The  silt  forms  an  off-shore  platform, 
a  few  feet  below  low  tide  level,  and  may  be  traced  S.  to  Manyung  Rocks.  On  the 


N.  side  of  this  point  a  landslipped  block  forms  the  shore  platform.  The  beds  dip 
about  30°  inland,  are  not  internally  disturbed,  and  have  the  following  true¬ 
thicknesses. 
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Bed  Thickness 


Description 


(h)  6'  + 

(g)  c.  3' 

(f)  3' 

(e)  c.  3' 

(d)  6" 

(c)  6"-l' 

(b)  c.  6' 

(a)  4'  + 


Lightly  ferruginous  coarse  clayey  sands,  grading  up  into  mottled  red  and  yellow 
clayey  sands  and  sandy  clays. 

Yellow-brown,  friable,  very  fine  sand. 

Cemented  brown,  very  fine  sand.  Ferruginous  moulds  of  lamellibranchs  and 
echinoids  along  distinct  horizons. 

Brown  fine  clayey  sands  with  some  clay  pellets.  Irregularly  layered. 

Brown  and  yellow  sandy  silt.  Strongly  and  irregularly  ferruginized  and  cem¬ 
ented. 

Olive-yellow  and  brown  clayey  silt. 

Grey,  non-calcareous  clayey  silt.  Rare  carbonate  concretions  near  the  base. 

Grey  calcareous  clayey  silt  with  layers  of  carbonate  concretions.  Abundant 
Tertiary  mollusca. 


This  sequence  is  comparable  with  that  of  downstream  Dennant  Ck  (7B)-  with 
beds  9(a)  to  (c)  equivalent  to  bed  7B(a),  beds  9(d)  to  (g)  equivalent  to  bed 
7B(b),  and  the  coarse  poorly  sorted  sands  of  bed  9(h)  equivalent  to  beds  7B(c) 
and  (d).  The  presence  of  echinoids  in  bed  9(f)  indicates  that  marine  conditions 
persisted  after  the  deposition  of  the  clayey  silts,  and  that  scarcity  of  fossils  in  the 
very  fine  sand  unit  has  probably  resulted  from  the  removal  of  carbonate  due  to 
leaching  of  the  beds. 

S.  of  Manyung  Rocks  the  calcareous  silt  forms  a  shore  platform  some  270  yds 
long,  the  southern  part  of  which  shows  the  beds  steeply  inclined  to  the  NW  The 
structure  is  a  steep  monocline  or  fault  lying  at  an  acute  angle  to  the  coast 
(Fig.  4,  5).  It  is  proposed  to  call  this  structure  the  Manyung  Fault,  even  though 
at  this  locality,  as  at  Grices  Ck,  the  drag  on  the  beds  is  sufficiently  strong  so  as  to 
create  a  monocline.  The  Manyung  Fault  can  be  traced  N.  through  Grices  and 
Dennant  Ck  to  Daveys  Bay  and  Locality  3.  The  northerly  dip  of  the  beds  at 
Section  1  has  probably  also  been  caused  by  this  structure. 

A  small  jetty  about  150  yds  S.  of  Manyung  Rocks  is  a  convenient  base  for 
measurement  of  the  upturned  strata  forming  the  shore  platform.  Thus  the  complete 
section  S.  of  the  jetty  is  as  follows:  1 


Section  10A:  S.  of  Manyung  Rocks 


Horizontal 


Bed 

Thickness 

(g) 

— 

(o 

l'-3' 

(e) 

8' 

(d) 

c.  icy 

(c) 

6"-l' 

& 

(b) 

2'-3' 

(a) 

c.  55'  : 

Description 


Grey  calcareous  clayey  silt  with  Tertiary  mollusca  and  layers  of  carbonate 
concretions.  Worm  burrows  and  small  pyrite  segregations  are  locally 
abundant. 

Discontinuous  (?  faulted)  layer  of  fine  sand. 

Carbonaceous  silt.  Plant  remains  include  ligneous  wood,  leaves,  and  seeds 
Iron  sulphide  is  abundant. 

Coarse  sand  with  carbonaceous  matter.  Much  obscured. 

Prominent  coarse  sandstone. 

Covered  interval. 

Coarse  sand  and  fine  gravel  with  some  ligneous  wood.  Minor  faults  disturb 
the  bed. 

Strongly  weathered  basalt. 

The  bedrock  is  of  Mesozoic  arkoses  and  mudstones  but  the  contact  with  the 
basalt  is  obscured. 
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Beds  10A(b)  to  (e)  dip  more  than  70°  to  the  NW.  For  convenience,  the 
inclined  layers  of  carbonate  concretions  in  bed  10A(g)  were  measured  along  the 
beach,  and  not  perpendicular  to  the  bedding.  Thus,  beginning  from  the  seventh 
pile  down  the  jetty  from  the  boatshed,  and  proceeding  S.  on  an  azimuth  of  203 °T 
(195°  Magnetic),  the  positions  of  the  beds  and  samples  are  as  follows: 


Section  10A,  Bed  (g): 


Position  of 
Concretion 
Layer 

Position  of 
Sample 

Sample 

No. 

Comments 

Distances  in  Ft 

32 

65 

13 

66 

Dip  15°  on  az.  300°T  (approx.) 

84 

12B 

101 

12A 

118 

12 

120 

139 

153 

Prominent  Layer 

155 

11 

169 

Dip  52°  on  az.  332°T 

194 

10 

195 

208 

216 

229 

— 

Black  carbonaceous  bed  with  light  grey  worm  burrows; 

about  6"  thick 

232 

9 

233 

Prominent  Layer.  Dip  57°  on  az.  337°T 

246 

249 

8 

250 

278 

Dip  60°  on  az.  340°T 

279 

7 

289 

304 

6 

311 

5 

— 

Several  less  conspicuous  layers  of  concretions  occur 

in  this  interval 

328 

4 

330 

3 

Non-calcareous  dark  grey  clayey  silt 

From  331'  to  340'  bed  (e)  or  (f)  of  this  section  begins. 


About  40  yds  N.  of  the  jetty  the  calcareous  silts  have  a  slight  south-easterly 
dip  (?  backtilt)  and  are  overlain  by  sands  forming  cliffs  which  rise  some  70  ft 
above  sea  level.  A  small  but  steep  gully  about  70  yds  N.  of  the  jetty  best  exposes 
the  upper  strata  so  that  the  composite  section  is  as  follows: 


470  V.  A.  GOSTIN 

Section  10B:  S.  of  Manyung  Rocks 


Bed  Thickness 


Description 


(d) 

40'  + 

(c) 

6'-10' 

(b) 

6' 

(a) 

17' 

Brown,  red,  and  yellow,  coarse  sands  with  minor  gravels  and  finer  sands. 
Steep  cross-bedding.  Scoured  at  the  base.  The  basal  5'  is  strongly  cemented 
with  limonite. 

Yellow,  brown,  or  red  very  fine  sand.  Cemented  with  limonite  near  the  base. 

Grey  non-calcareous  clayey  silt.  Strongly  jointed,  and  with  a  yellow  mineral 
infilling  or  staining  the  joint  planes. 

Grey  calcareous  clayey  silt  with  layers  of  carbonate  concretions  and  abundant 
Tertiary  mollusca.  This  bed  extends  below  sea  level. 

The  layers  of  concretions  are  spaced  as  follows  (measured  above  sea  level): 
l'-3'  poorly  developed;  4'  prominent;  5';  7';  10'  prominent;  13'  rare;  and 
17'.  Sample  10B/1  (foraminiferal  study)  was  taken  at  9'  above  S.L. 


Beds  10B(a)  to  (d)  can  be  directly  compared  with  beds  in  the  Manyung  Rocks 
and  downstream  Dennant  Ck  sections.  The  strata  underlying  the  fossiliferous  silt, 
i.e.  beds  10A(b)  to  (e),  are  probably  the  continuation  of  similar  fiuviatile  deposits 
recorded  by  Kitson  (1900,  p.  6)  as  overlying  the  basalt  in  Grices  Ck. 

A  short  distance  S.  of  Section  10A,  weathered  granite  occurs  high  in  the  cliffs 
and  is  overlain  by  ferruginous  and  lightly  cemented  coarse  to  fine  sands.  The  contact 
is  obscured  by  slumping  but  no  evidence  for  the  occurrence  of  very  fine  sand, 
similar  to  bed  10B(c),  could  be  found.  The  sands,  however,  are  similar  to  those 
forming  the  overlying  bed  10B(d).  If  these  observations  are  correct,  then  move¬ 
ment  on  the  Manyung  Fault  took  place  after  the  deposition  of  bed  10B(c)  and 
probably  during  the  deposition  of  the  overlying  poorly  sorted  and  generally  coarse 
sands. 

About  600  yds  S.  of  Manyung  Rocks,  at  Locality  11,  the  bedrock  of  Mesozoic 
rocks  forms  much  of  the  shore  platform,  while  the  overlying  basalt  forms  the  cliffs. 
The  strata  dip  S.  at  about  15°  and  are  as  follows: 


Section  11: 


Bed  Thickness  Description 


(o 

c.  1' 

(e) 

2' 

(d) 

l"-4" 

(c) 

r-i'6" 

(b) 

i' 

c.  IV 

(a) 

40'-50' 

Ferruginous  sands  and  rubble.  Mostly  landslipped. 

Banded  brown  carbonaceous  clay  and  silt  with  poorly  preserved  plant  remains. 

Light  and  dark  brown  very  fine  sand  and  silt. 

Brown,  very  coarse  sand  (grit),  and  fine  gravel.  A  few  weathered  felspars 
present. 

Yellow,  very  fine  sand  with  coarse  sand  layers  especially  towards  the  base. 

Red  and  brown  coarse  sands  and  fine  gravels.  Granules  of  reef  quartz,  sand¬ 
stone,  and  shale. 

Covered  interval. 

Strongly  weathered  basalt.  Mostly  vesicular  and  altered  to  clay.  A  gravel  bed 
is  present  near  the  base  and  another  (2'  thick)  occurs  near  the  top.  Pebbles 
are  of  Palaeozoic  slate,  sandstone,  and  reef  quartz. 


Beds  11  (b)  to  (f)  are  the  continuation  of  similar  fiuviatile  beds  in  the  previous 
section,  i.e.  beds  10A(b)  to  (e). 

At  the  beach  end  of  Sunnyside  Rd,  the  low  headland  is  formed  mainly  of 
slumped  ferruginous  sands.  Beneath  this  abundant  debris,  the  shore  platform  consists 
of  Mesozoic  sediments  with  a  thin  cover  of  weathered  basalt  containing  veins  of 
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siderite.  The  basalt  as  well  as  the  Mesozoic  sediments  appear  to  be  slightly  faulted 
at  this  locality. 

S.  of  Sunnyside  Beach,  granite  cliffs  rise  over  100  ft  above  sea  level  and  extend 
for  i  mile  along  the  coast.  They  are  overlain  by  loose  granite  wash  and  windblown 
sand.  Ferruginous  sands  are  rare  except  towards  the  south. 

At  Locality  12,  on  the  SW.  end  of  Beleura  Hill,  the  following  exposures  were 
recorded.  Dipping  S.,  off  the  granite  cliffs,  and  occurring  on  the  beach,  are  many 
large  blocks  of  coarse  Tertiary  sediment.  These  consist  of  ferruginous  and  strongly 
cemented  conglomerates,  and  cross-bedded  coarse  gritty  sandstones.  The  pebbles 
are  of  Palaeozoic  sandstone,  reef  quartz,  shale,  and  spotted  slate.  The  sediments 
probably  belong  to  the  lower  Tertiary  (pre-marine)  deposits,  rather  than  the  upper 
Tertiary  (post-marine)  sands.  The  cliffs  behind  Mills  Beach  are  covered  by 
ferruginous  debris,  and  do  not  provide  any  further  structural  or  stratigraphic 
information. 

On  the  S.  side  of  Tanti  Ck  (Locality  13),  and  100  yds  around  the  point,  the 
following  composite  section  was  measured. 

Section  13: 


Bed  Thickness  Description 

(c)  c.  15'  Coarse  sands  and  clayey  sands,  cross-bedded.  Mottled,  ferruginous  and  partly 
cemented.  Lower  boundary  irregular  and  trangresses  the  bedding. 

(b)  c.  2 O'  Coarse  sands  with  steep  cross-bedding.  Ferruginous  but  mainly  friable.  A  4" 
thick,  finely  laminated  clay  and  sand  bed  occurs  near  the  top  and  may  be 
traced  over  60  yds.  The  lower  10'  of  bed  (b)  is  largely  obscured  by  scree. 
The  base  of  the  bed  is  strongly  cemented  with  limonite  and  has  a  3-5°  dip 
to  the  south. 

(a)  2'  Yellow-olive  very  fine  sand. 


It  is  considered  that  beds  13(a)  and  (b)  are  probably  the  continuation  of 
similar  beds  10B(c)  and  (d)  at  S.  of  Manyung  Rocks. 

About  i  mile  farther  S.,  another  cliff  section  shows  yellow-brown  coarse  sands 
at  the  base,  followed  by  mottled  silty  sands  with  some  gravel  and  a  thin  layer  of 
clay,  overlain  by  red  and  yellow  coarse  sands  to  20  ft  above  sea  level.  These  beds 
are  similar  to  beds  13(b)  and  (c)  of  the  previous  section. 

In  view  of  the  S.-dipping  nature  of  beds  at  Localities  12  and  13,  and  the 
probable  rise  in  the  sequence  towards  the  south,  it  is  suggested  that  a  tilt  or  down- 
warp  to  the  south  or  west,  may  occur  in  the  vicinity.  The  last  three  exposures  are 
the  only  ones  available  along  this  stretch  of  coast. 

The  mottled  ferruginous  coarse  sands  continue  around  the  small  bay  to 
Schnapper  Point  where  they  form  cliffs  about  30  ft  high.  The  hard  ferruginous 
shore  platform  is  overlain  by  blocks  of  similarly  cemented  sands.  From  Schnapper 
Point  S.  to  Fossil  Beach  the  land  surface  rises  slowly  to  about  100  ft  and  the 
sequence  of  grey  clayey  silt,  very  fine  sand,  and  cross-bedded  coarse  sands  also 
reappears.  The  parallelism  of  the  surface  with  the  underlying  strata  shows  that  little 
physiographic  alteration  has  occurred  since  their  deposition.  The  beds  have  a  slope 
of  less  than  half  a  degree  to  the  north,  so  that  the  very  fine  sand  unit  is  brought 
up  to  sea  level  i  mile  S.  of  Schnapper  Point,  and  the  grey  clayey  silt  at  Fishermans 
Beach.  From  here  to  Fossil  Beach  this  non-calcareous  clayey  silt  forms  the  shore 
platform,  and  is  overlain  by  the  ferruginous  debris  of  the  succeeding  units. 

On  the  S.  side  of  Fisherman  Point,  at  Locality  14,  the  height  of  the  units  is 
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as  follows:  the  grey  clayey  silt  rises  to  about  3  ft  above  sea  level  and  is  overlain 
by  15  ft  of  very  fine  sand.  This  is  succeeded  by  a  4"  layer  of  coarse  sand  passing 
up  into  ferruginous  coarse  and  medium  sands,  which  rise  to  some  35  ft  above  sea 
level  and  are  covered  by  buckshot  gravel. 

The  coastal  section  from  Marina  Cove  to  Section  23  is  illustrated  in  Fig.  6. 
Important  and  typical  sections,  however,  are  described  here  in  detail. 

At  the  N.  end  of  the  small  Marina  Cove  beach,  the  following  section  was 
recorded: 

Section  15:  Marina  Cove 


Bed  Thickness 


Description 


(h) 

(g) 

(f) 

(e) 

(d) 

(c) 

(b) 

(a) 


T  6"  Grey  sandy  soil. 

6"  Hard  ironstone  concretions  (Buckshot  gravel). 

20'  Mottled  and  ferruginous  sandy  clays  and  clayey  sands.  Partly  cemented.  Two 
thin  (1")  clay  beds  near  the  base. 

2'  Ferruginous  and  strongly  cemented  coarse  sands.  Cross-bedded. 

6'  Yellow  and  brown  coarse  sands,  with  steep  cross-bedding, 
c.  3'  Yellow  to  white  fine  sands,  cross-bedded  and  stained  with  limonitic  bands. 

3"  Yellow-brown  coarse  sand,  scoured  into  the  underlying  bed. 

17'  Yellow  very  fine  sand,  stained  with  brown  limonitic  bands. 

3"  Red  to  purple  clayey  sand. 

9'  Grey  non-calcareous  clayey  silt,  strongly  weathered  and  obscured  by  cliff  debris. 

It  extends  below  sea  level. 

5'  Beach  sand,  covered  interval. 


On  the  S.  side  of  the  next  headland,  at  Locality  16,  the  following  section  occurs. 


Section  16: 


Bed 

Thickness 

Description 

(k) 

6"-l' 

Grey  sandy  soil. 

(i) 

6" 

Buckshot  gravel. 

(i) 

5' 

Mottled  yellow,  red,  and  brown  clay. 

(h) 

13' 

Yellow-brown  limonite-cemented  sands  with  irregular  patches  of  white  and 
yellow  friable  sands  and  sandy  clays. 

(g) 

3' 

Ferruginous  and  strongly  cemented  coarse  sands.  Cross-bedded. 

(f) 

2' 

Coarse  sand  with  fine  sand  layers.  Cross-bedded. 

(e) 

2' 6" 

Light  grey  to  brown  very  coarse  sand  and  fine  gravel.  Steep  cross-bedding. 
Discontinuous  layers  of  light  yellow  fine  sands,  mottled  bright  yellow  in  part 
and  with  cross-bedded  coarse  sand  layers. 

(d) 

c.  3' 

(c) 

c.  3" 

Coarse  sand  and  grit,  with  small  pebbles  of  shale.  Scoured  at  the  base. 

(b) 

k y 

Yellow  to  olive  very  fine  sand.  Thinly  banded  with  brown  limonite  towards  the 
top  and  containing  limonite  replaced  worm  burrows.  Possibly  cross-bedded 

(a) 

19' 

Grey  non-calcareous  clayey  silt  extending  below  sea  level.  Limonite  or  a  yellow 
mineral  infilling  and  coating  the  numerous  joints.  A  few  carbonate  con¬ 
cretions  occur  at  sea  level. 

Beds  16(a)  and  (b),  and  the  first  entry  of  coarse  sands,  16(c),  can  all  be 
easily  recognized  and  followed  in  the  field.  The  overlying  beds,  however,  are 
cross-bedded,  discontinuous,  and  with  a  variable  degree  of  cementation.  This  creates 
difficulty  in  exact  correlation  between  sections,  although  a  broad  variation  in 
texture  and  cementation  can  be  discerned  (cf.  Section  16  with  Sections  15  17 
and  20). 
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The  Fossil  Beach  area  is  strongly  landslipped.  Here  the  grey  non-calcareous 
clayey  silt  is  underlain  by  a  similar  but  calcareous,  and  richly  fossiliferous  silt, 
extending  for  a  total  length  of  over  400  yds.  At  the  N.  end  of  this  exposure,  the 
non-calcareous  silt  is  27  ft  thick,  whereas  at  the  Fossil  Beach  Section  (17)  it  is 
only  15  ft  thick.  This  reduction  may  be  due  to  the  landslip.  The  Fossil  Beach 
Section  is  taken  about  150  yds  N.  of  the  drive  down  to  the  beach.  This  was  first 
described  in  detail  by  Singleton  (1941,  p.  27),  but  because  the  beds  dip  N.  at 
about  15°,  it  is  possible  to  observe  beds  below  Singleton’s  bed  (h).  Furthermore, 
samples  kept  from  the  Bores  (Moorooduc  4-7),  put  down  at  the  beach  end  of  the 
drive,  have  been  re-examined  and  the  lithologic  descriptions  (for  Bore  6)  modified. 
The  information  recorded  from  this  bore  has  been  used  to  complete  the  measured 
section,  but  because  its  location  is  over  150  yds  away  from  the  cliff  section,  the  true 
thickness  of  the  calcareous  clayey  silt  remains  unknown. 


Section  17:  Fossil  Beach 


Bed  Thickness 


Description 


(w) 

(v) 

(u) 

(t) 

(s) 

(r) 

(q) 


(P) 

(o) 

(n) 

(m) 

(1) 

(k) 

(j) 

(i) 

(h) 


3'  + 
6' 
4' 
T 
6" 
9' 
6" 
15' 


c.  6" 

12'  6" 
6"-9" 
6"-l' 
c.  V 
2' 

6"-9" 

3' 

6" 

3' 


Loose  rubble  of  ferruginous  sands  and  clays. 

Brown  ferruginous  and  cemented  coarse  sands. 

Yellow  coarse  to  very  coarse  sand. 

Dark  brown  ferruginous  and  strongly  cemented  very  coarse  sand. 

Brown  friable  coarse  sand. 

Light  yellow  to  reddish,  very  fine  sand.  Stained  brown  along  thin  bands. 
Olive-yellow  silty  sand  grading  into  overlying  bed.  Sharp  lower  contact. 

Grey  non-calcareous  clayey  silt,  stained  yellow  along  joints  and  containing 
crystals  of  selenite.  Rare  carbonate  concretions  in  the  lower  part.  Topmost 
foot  of  the  bed  oxidized  to  an  olive  grey  colour. 

Grey  calcareous  clayey  silt  with  pyrite  and  abundant  selenite.  Numerous  slicken- 
sides.  The  layer  is  uneven  and  probably  marks  the  sole  of  a  landslip. 

Grey  calcareous  clayey  silt  with  pyrite  and  Tertiary  mollusca. 

Prominent  layer  of  carbonate  concretions. 

Grey  calcareous  clayey  silt,  as  for  (p). 

Grey  calcareous  clayey  silt  with  numerous  burrows  up  to  $"  thick. 

Grey  calcareous  clayey  silt,  as  for  (p). 

Sparse  carbonate  concretions. 

Grey  calcareous  clayey  silt,  as  for  (p). 

Sparse  carbonate  concretions. 

Grey  calcareous  clayey  silt,  as  for  (p),  and  extending  below  sea  level. 


Bore  information: 

(g)  36'  Grey  calcareous  clayey  silt  with  some  carbonate  concretions, 

(f)  16'  Sandy  clay  and  clayey  sand. 

(e)  24'  Fine  sands. 

(d)  2'  Carbonaceous  clay. 

(c)  4'  Coarse  sand. 

(b)  33'  Carbonaceous  clay. 

(a)  19'  +  Basalt. 


In  Bore  7,  situated  some  60  ft  to  the  south,  the  basalt  comes  within  12  ft  of 
the  surface,  is  some  174  ft  thick,  and  overlies  weathered  granite.  In  Bore  5,  located 
70  ft  farther  S.,  the  basalt  is  only  74  ft  thick.  The  sudden  change  in  lithology 
between  Bores  6  and  7,  as  well  as  in  the  cliff  sections  on  either  side  of  the 
structure,  indicates  the  presence  of  a  fault.  This  structure  was  first  suggested  by 
Singleton  (1941,  p.  83),  and  it  is  proposed  to  call  it  the  Fossil  Beach  Fault. 
Disturbance  or  drag  of  the  beds  in  the  fault  zone  has  probably  given  rise  to  the 
change  of  basalt  thickness  (Bores  7  and  5),  and  in  an  upturned  sandstone  layer 
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projecting  from  the  shore  platform  several  yards  S.  of  the  southernmost  exposure  of 
the  calcareous  silt.  As  a  result,  thicknesses  recorded  from  Bores  6  and  7  have  to 
be  taken  as  approximate  only.  The  fault  strikes  at  about  30°T  with  a  downthrow 
to  the  NW. 

At  a  small  point  at  the  S.  end  of  Fossil  Beach,  weathered  columnar  basalt,  with 
veins  of  siderite,  forms  the  shore  platform.  Columnar  basalt  can  also  be  seen 
forming  two  small  islands  exposed  only  at  low  tide.  About  150  yds  S.  of  the  point, 
at  Locality  18,  the  following  sequence  occurs. 

Section  18: 


Bed  Thickness  Description 


(g) 

2'  + 

(f) 

9' 

(e) 

ir 

(d) 

c.  6" 

(c) 

9' 

(b) 

9" 

(a) 

V 

10' 

Irregular  slumped  surface  with  mottled  and  ferruginous  fine  to  coarse  sands. 
Grey  and  yellow  clayey  silt  with  a  little  coarse  sand.  Partially  cemented  in 
layers  with  a  yellow  mineral.  Gradational  lower  boundary  with  c.  2"  of 
very  coarse  sand  and  elongated  mud  pellets. 

Grey  and  yellow,  clayey,  very  coarse  sand  with  a  few  elongated  mud  pellets. 

Partial  cementation  by  a  yellow  mineral  towards  the  top. 

Grey  and  yellow  fine  sand;  structurally  homogeneous. 

Horizontal  layer  of  grey  coarse  sand  with  gradational  boundaries. 

Grey  and  yellow  fine  sand;  structurally  homogeneous. 

Grey  very  coarse  sand  in  a  horizontal  layer. 

Grey  fine  sand. 

Beach  sand  and  cliff  debris.  Covered  interval. 


Nearby  a  sea-level  exposure  of  basalt  is  overlain  by  coarse  sands  and  fine 
gravels  with  carbonaceous  plant  remains,  including  ligneous  wood.  Two  logs  of  such 
wood  occur,  in  situ ,  at  10  ft  above  sea  level. 

Beds  18(e)  to  (g)  may  be  followed  S.  along  the  coast  to  a  basalt  point  at 
Locality  19  (Harmon  Rocks).  The  section  given  here  records  the  basalt  at  the 
point  in  conjunction  with  the  strata  of  the  cliffs  immediately  behind. 


Section  19:  Harmon  Rocks 


Bed  Thickness 


Description 


(f) 

c.  35' 

(e) 

2' 

(d) 

5' 

(c) 

5' 

(b) 

16' 

20' 

(a) 

19' 

Red,  yellow,  and  brown,  mottled  and  partly  cemented  coarse  sands.  Steep  cross¬ 
bedding.  Beds  of  finer  sands  and  some  small  pebbles  occur  near  the  base 
which  shows  scour. 

Yellow,  partly  ferruginous,  very  fine  sand. 

Grey  and  partly  ferruginous  clayey  silt  with  some  coarse  sand  grains. 

Grey  and  mottled  clayey  very  coarse  sand. 

Yellow  fine  sand. 

Covered  interval.  Slumped  material. 

Hard  basalt,  weathered  and  soft  towards  the  top.  Many  horizontal  joints, 
several  large  vertical  joints,  occasionally  with  siderite  veins. 


Hall  and  Pritchard  (1901,  p.  40)  stated  that  ‘grits  and  conglomerates  can  be 
traced  passing  under  a  small  mass  of  basalt’,  when  referring  to  this  point.  No 
evidence  for  such  an  occurrence  could  be  found. 

At  the  steps  or  path,  about  200  yds  S.  of  the  previous  section,  a  large  land- 
slipped  block  at  beach  level,  and  the  side-cutting  of  the  path,  enabled  the  following 
section  to  be  recorded. 
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Section  20: 


Bed 

Thickness 

Description 

(k) 

3' 

Sandy  soil  with  a  well  developed  A  horizon  of  leached  white  sand,  and  a 
B  horizon  of  light  brown  clayey  sand. 

(j) 

6' 

Lightly  mottled  sands. 

Note:  beds  (j)  and  (k)  wedge  out  to  the  north  where  bed  (i)  comes  to  the 
surface.  The  latter  bed  has  a  dip  of  2-3°  S.  along  the  coast. 

(i) 

V 

Buckshot  gravel. 

(h) 

5' 

Ferruginous  and  mottled  sandy  clays. 

(g) 

9' 

Ferruginous,  cemented,  and  mottled  clayey  sands  near  the  base,  overlain  by 
sands  and  sandy  clays  grading  into  bed  (h). 

(f) 

15' 

Ferruginous  coarse  sands  and  fine  gravel,  with  some  intercalations  of  fine 
sands.  Cross-bedded. 

(e) 

2'  6" 

Yellow  and  red  very  fine  sand. 

(d) 

r 

Grey  clayey  silt,  mottled  in  part. 

c.  52' 

Covered  interval. 

(c) 

c.  5' 

Sandy  gravel.  Steeply  cross-bedded  with  northerly  dips. 

(b) 

4' 

Carbonaceous  silt. 

3' 

Beach,  covered  interval. 

(a) 

— 

Strongly  weathered  basalt  below  sea  level  overlain  by  2'  +  of  sandy  gravel 
with  pebbles  of  reef  quartz  and  sandstone.  Severe  slipping  occurred  within 

the  basalt  which  is  now  weathered  to  clay. 

About  150  yds  S.  of  this,  at  Locality  21,  the  cliff  section  is  as  follows: 

Section  21: 


Bed  Thickness  Description 


(i) 

25'  + 

Lightly  mottled  sands  and  clayey  sands.  Section  inaccessible. 

(h) 

V 

Buckshot  gravel. 

(g) 

5' 

Coarse  sands,  cross-bedded  and  with  a  sharp  lower  boundary. 

(f) 

2' 

Yellow  and  red  very  fine  sand. 

(e) 

8' 

Grey  and  mottled  clayey  silt. 

(d) 

2' 

Ferruginous  and  partially  cemented  very  coarse  sand  with  poorly  defined 
boundaries. 

(c) 

c.  38' 

Light  yellow,  homogeneous,  fine  sand. 

(b) 

2' 

Coarse  to  fine  sands  with  some  granules,  grading  into  bed  (c). 

(a) 

4' 

Carbonaceous  silt. 

6' 

Covered  interval.  Beach  sand. 

Beds  21(a)  and  (b)  are  found  some  30  yds  N.  of  the  rest  of  the  section. 
Beds  21(c)  to  (e)  can  be  traced  S.  along  the  coast,  as  they  dip  steadily  in  this 
direction,  probably  as  a  result  of  a  backtilt  on  the  Chechingurk  Fault  (Keble  1950, 
Fig.  58).  However,  cementation  of  the  overlying  sands  decreases  in  intensity  to  the 
south,  and  hindered  by  severe  slipping  it  becomes  impossible  to  differentiate  these 
beds  further  than  50  yds  S.  of  Section  21. 

At  the  base  of  a  steep  gully  (near  Hawker  St),  Locality  22,  the  continuation  of 
bed  21(e)  comes  to  within  a  few  feet  of  sea  level,  bed  22(c).  Here  the  lower 
beds  22(a)  and  (b)  were  measured  in  the  cliffs  40  yds  N.  of  the  gully  whereas  the 
best  exposure  of  bed  22(c)  is  at  the  gully  mouth. 
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Bed  Thickness 


Description 


(d) 

(c) 

(b) 

(a) 


15'  -f  Light  grey,  clayey,  fine  and  medium  sands. 
c.  2 O'  Coarse  to  fine  clayey  sands,  not  in  situ. 

Iff  4-  Grey  clayey  silt  with  a  little  coarse  sand.  Non-calcareous  and  strongly  jointed, 
with  a  yellow  mineral  staining  the  joint  planes.  Worm  burrows,  impressions 
of  bryozoa,  and  internal  moulds  of  Tertiary  mollusca  present. 

2'  6"  Ferruginous  very  coarse  clayey  sand. 

2'  -{-  Fine  sands  to  below  sea  level. 


S.  of  this  locality  a  large  landslipped  area  consisting  of  ferruginous  sandstone 
debris,  projects  slightly  into  Balcombe  Bay.  On  the  S.  side  of  this  the  densely 
vegetated  cliffs  are  formed  of  similar  ferruginous  and  mottled  sands,  overlain  by 
buckshot  gravel  at  the  surface.  The  cliffs  continue  for  a  couple  of  hundred  yards 
until  a  damp  sandy  zone  near  Alice  St  defines  the  channel  of  the  Chechingurk 
Fault.  Strongly  weathered  basalt  forms  the  upthrown  southern  side  of  the  fault, 
which  strikes  at  about  110°T. 

Some  300  yds  S.  of  the  fault,  at  Locality  23,  the  following  section  shows  the 
reappearance  of  the  sub-basaltic  deposits: 

Section  23: 


Bed  Thickness  Description 


Buckshot  gravel  at  the  surface. 

(b)  c.  25'  Weathered  basalt,  ferruginous  above  the  lowest  5'. 

(a)  5'-7'  Coarse  quartz  sands  and  gravels,  with  pebbles  of  Palaeozoic  reef  quartz, 

weathered  shale  and  sandstone. 

25'  Covered  interval  of  beach  sand  and  other  detritus. 


The  land  surface  continues  to  decline  S.  to  Balcombe  Ck,  and  no  further 
exposures  can  be  seen  until  the  granite  of  Balcombe  Point  is  reached.  E.  of  this, 
the  granite  in  the  shore  platform  is  overlain  by  up  to  80  ft  of  undifferentiated  grey 
and  yellow  clayey  sands  of  probable  Quaternary  age. 

Description  of  Stratigraphic  Rock  Units 

The  general  sequence  of  rock  units  in  the  Mornington  District  is  as  follows: 

Baxter  Sandstones 

Marina  Cove  Sand 

Balcombe  Clay 

Harmon  Rocks  Sand  Bed 

Mt  Martha  Sand  Beds 

‘Post-Basaltic  Terrestrial  Sediments’ 

Older  Volcanics 
‘Sub-Basaltic  Sediments’ 

Description  of  these  units  is  based  on  the  current  work  carried  out  in  the  Morning- 
ton  District,  but  reference  to  other  areas  on  the  Mornington  Peninsula  is  also  made, 
wherever  appropriate. 

The  drillers-logs  of  bores  in  the  Mornington  District  were  studied,  but  except 
for  those  at  Fossil  Beach,  no  bore  samples  are  available  so  that  reliable  stratigraphic 


GEOLOGICAL  MAP  OF  THE 

M  ORNINGTON  DISTRICT 


Fig.  4 — Geological  Map  of  the  Mornington  District. 
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correlation  cannot  be  made.  The  positions  of  bores  that  reveal  a  significant  Tertiary 
sequence  are  marked  on  Fig.  4  along  with  the  total  Tertiary  thickness. 

The  definition  of  rock  units  has  followed  the  rules  set  out  in  the  Australian 
Code  of  Stratigraphic  Nomenclature  (3rd  Ed.  1959)  with  the  addition  that  the 
Mt  Martha  Sand  Beds  and  the  Harmon  Rocks  Sand  Bed  are  specifically  defined. 
The  lithology  and  thickness  of  these  units  are  known,  but  their  limited  areal  extent 
does  not  warrant  a  formational  status. 

‘Sub-Basaltic  Sediments’ 

The  base  of  the  Tertiary  succession  consists  of  a  variable  sequence  of  poorly 
sorted  sediments,  usually  with  a  conglomerate  at  the  base.  This  consists  of  pebbles 
and  cobbles  of  micaceous  sandstone,  quartzite,  spotted  slate,  graptolitic  shale,  and 
some  reef  quartz,  with  interstitial  granitic  quartz  grit  and  weathered  felspar.  It  is 
overlain  by  coarse  to  medium  sands,  finer  sandy  silts,  and  occasional  carbonaceous 
clay. 

Unless  subsequently  ferruginized  and  cemented,  the  sediments  are  poorly  con¬ 
solidated  and  strongly  weathered.  They  are  usually  less  than  30  ft  thick,  and  may 
be  entirely  absent. 

Outcrops  are  restricted  to  the  coastline  near  Frankston  (Localities  1,  2,  3),  in 
and  S.  of  Grices  Ck  (Localities:  upstream  from  8,  11  and  probably  12),  and  near 
Mt  Martha  (Locality  23).  Inland  they  have  been  recorded  in  bores  (e.g.  Moorooduc 
2  and  8). 

The  variable  nature  of  the  lithology  and  thickness,  the  poor  sorting,  and  the 
lack  of  continuity  of  the  strata,  indicate  a  fluviatile  environment  of  deposition.  The 
source  of  the  sediments  is  the  Palaeozoic  basement,  with  the  Ordovician  and 
Silurian  sediments  contributing  the  gravel,  and  the  granites  contributing  most  of  the 
coarse  quartz  sand  and  felspar  (now  clay).  Plant  remains  from  similar  deposits  at 
Berwick,  15  miles  NE.  of  Frankston,  have  been  described  by  Deane  (1902).  Their 
age  is  probably  Eocene. 

Older  Volcanics 

The  Tertiary  volcanic  rocks  of  the  Mornington  Peninsula  form  one  of  the  type 
areas  of  the  Older  Volcanics  (Edwards  1938,  p.  78).  They  consist  of  a  variety  of 
olivine  basalts  and  fragmental  equivalents,  sometimes  with  intercalated  fluviatile 
sediments.  Extensively  distributed,  they  are  absent  only  from  the  narrow  central 
horst  of  the  Peninsula  (from  Red  Hill  N.  to  Cranbourne)  and  from  the  high 
granitic  areas  of  Mt  Eliza,  Mt  Martha,  and  Dromana.  N.  of  Mt  Eliza  the  volcanics 
appear  to  be  largely  confined  to  valley  flows  but  farther  south  they  are  more 
extensive,  often  ranging  from  50  to  150  ft  thick  and  occasionally  to  several  hundred 
feet.  However,  S.  of  the  Flinders  Fault,  bore  information  indicates  an  excess  of 
850  and  1,300  ft  of  basalt  at  Cape  Schanck  and  Flinders  respectively  (Keble  1950, 
p.  26,  Fig.  19).  Although  Keble  separates  this  lava  field  and  calls  it  the  ‘Flinders 
plateau  lava’,  the  absence  of  typical  plateau  lavas  (tholeiitic)  calls  for  a  simpler 
term  such  as  the  Flinders  Basalt  (Jenkin  1962,  p.  13).  Movement  along  the 
Flinders  Fault,  contemporaneous  with  lava  extrusion,  would  account  for  the  sudden 
thickening  of  basalt  (Jenkin  1962,  p.  12).  The  volcanics  probably  extend  W.  of 
Selwyn  Fault  at  depth. 

The  extrusion  of  the  lavas  occurred  sub-aerially  in  the  form  of  many,  often  thin 
flows,  separated  by  a  small  time  interval  of  weathering  and  erosion.  Sometimes  the 
interval  was  prolonged  and  sands,  clays  and  lignite  accumulated,  as  at  Hastings. 

Several  closely  related  varieties  of  basalt  occur.  Textures  range  from  coarse  to 
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fine  grained  and  often  with  much  interstitial  glass.  Their  petrology  has  been 
described  by  Edwards  (1938)  who  distinguished  three  main  types: 

1.  Crinanites:  Doleritic  olivine-analcite  basalts  which  have  a  few  phenocrysts 
of  olivine  set  in  a  coarsely  ophitic  matrix  of  titanaugite  and  labradorite,  with  some 
ilmenite,  needles  of  apatite,  and  interstitial  analcite.  Aegerine  and  biotite  may  also 
be  present.  This  type  is  common  towards  the  south. 

2.  Moorooduc  Type:  Titanaugite  basalts  common  in  the  north  of  the  area 
but  present  also  at  Flinders  and  Cape  Schanck.  They  are  medium  grained  with 
olivine  phenocrysts  in  a  matrix  of  ophitic  titanaugite  and  labradorite,  and  abundant 
interstitial  glass.  Chilled  phases  with  more  glass  also  occur. 

3.  Flinders  Type:  This  is  widespread  throughout  the  area  and  is  characterized 
by  the  absence  of  titanaugite  and  ophitic  structure.  Olivine  is  present  as  phenocrysts 
in  a  matrix  showing  flow  structure,  and  consisting  of  augite,  labradorite,  iron  ore, 
and  green  glass. 

In  the  south,  iddingsite  basalt  and  glassy  olivine-basalt  are  also  occasionally 
present. 

These  lava  flows  and  pyroclastics  are  usually  strongly  weathered,  and  may  be 
mistaken  for  other  sedimentary  deposits.  The  weathering  products  are  variable, 
depending  largely  on  past  and  present  environments.  Iron  ore  minerals  (mainly 
ilmenite)  and  possibly  apatite,  have  escaped  decomposition,  which  has  resulted  in 
clays  such  as  montmorillonite  and  kaolinite.  Halloysite  is  also  known  to  have 
formed,  and  may  be  related  to  the  silicification  of  enclosed  plant  remains  at 
Frankston  (Gostin  1964). 

At  several  localities  in  the  Mornington  District  (Localities  2,  11,  near  18  and 
19)  veins  of  a  light  grey  to  greenish  grey  dense  mineral  are  found  filling  the  joint 
planes  in  the  basalt  and  in  the  fractured  granite  (at  Landslip  Point).  The  mineral 
is  siderite,  which  may  include  a  few  crystals  of  green  ?chamosite.  The  extcriar  of 
the  veins  is  usually  altered  to  goethite  and  limonite.  The  siderite  is  probably  of 
hydrothermal  origin. 

Although  Keble  (1950)  indicated  a  few  possible  extrusion  centres  on  his  map, 
the  source  of  most  of  the  voluminous  lavas  on  the  Mornington  Peninsula  still 
remains  unknown.  The  volcanic  activity  occurred  some  time  before  the  Middle 
Miocene  marine  incursion,  and  palaeobotanical  evidence  given  by  Douglas  in 
Jenkin  (1962,  p.  13)  indicates  a  probable  Oligocene  age. 

‘Post-Basaltic  Terrestial  Sediments’ 

These  are  similar  to  the  sediments  found  below  and  intercalated  with  the 
Volcanics,  but  are  generally  finer  grained  with  a  greater  development  of  car¬ 
bonaceous  deposits. 

At  Balcombe  Bay,  S.  of  the  Fossil  Beach  Fault,  the  irregular  surface  of  the 
basalt  is  overlain  by  up  to  15  ft  of  cross-bedded  fine  sandy  gravels  and  quartz  grits, 
often  with  logs  of  wood  (lignite).  Carbonaceous  silt  beds  also  occur.  Deane  (1902) 
has  described  some  enclosed  plants  from  these  deposits. 

The  gravels  contain  pebbles  of  sandstone,  shale,  spotted  slate,  reef  quartz, 
carbonaceous  clay,  and  rare  basalt.  The  sands  consist  of  coarse  granitic  quartz  and 
felspar  (now  weathered).  The  orientation  of  the  cross-bedding  was  found  to  be 
variable.  Although  clear  exposures  are  hard  to  find,  these  sands  at  Balcombe  Bay 
appear  to  grade  into  the  overlying  unit  of  well  sorted  sands. 

In  the  Manyung  Rocks  area,  similar  deposits  to  those  described  above,  occur 
at  Localities  10  and  11  (beds  10A(b)  to  (e),  and  11(b)  to  (f)).  They  are  less 
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than  25  ft  thick  and  underlie  a  thin  bed  of  ?  marine  sand  which  is  in  turn  overlain 
by  a  marine  fossiliferous  clayey  silt  of  Batesfordian  age. 

Other  post-basaltic  gravel  beds  near  Arthur’s  Seat  (Dromana)  have  been 
described  by  Baker  (1938)  and  Keble  (1950,  p.  32).  The  latter  author’s  sug¬ 
gestion  that  these  are  contiguous  with  the  pebble  bed  reported  from  Grices  Ck 
(Kitson  1900)  is  unjustified  considering  the  discontinuous  nature  of  individual  beds. 
At  best,  all  these  deposits  represent  a  general  fluviatile  environment  following  the 
period  of  volcanic  activity. 

As  with  the  sub-basaltic  sediments,  the  origin  of  these  deposits  is  mainly  from 
the  Palaeozoic  sediments  and  granites,  with  the  volcanic  rocks,  in  this  case,  also 
providing  some  detritus.  Much  of  this  unit  is  of  pre-Batesfordian  age. 

Mt  Martha  Sand  Beds 

The  Mt  Martha  Sand  Beds  are  proposed  for  all  the  fine,  well-sorted  sands  and 
any  included  coarser  sand  beds,  which  overlie  the  post-basaltic  terrestrial  deposits 
at  Balcombe  Bay,  and  underlie  the  Harmon  Rocks  Sand  Bed.  The  name  Mt  Martha 
beds  has  been  previously  informally  used  for  the  fossiliferous  Tertiary  sequence  at 
Balcombe  Bay.  The  Mt  Martha  Sand  Beds  are  exposed  S.  of  the  Fossil  Beach  Fault 
and  are  recorded  in  the  measured  Sections  18,  19,  21,  and  22.  At  Section  18  they 
include  beds  18(a)  to  (e),  but  the  base  of  the  unit  here  is  obscured.  At  Section  21 
(Western  Port,  1  mile,  067830)  the  sands  are  homogeneous  throughout,  and  were 
recorded  as  bed  21(c),  which  best  represents  the  unit.  Other  exposures  include 
beds  19(b)  and  22(a). 

The  Mt  Martha  Sand  Beds  consist  predominantly  of  well  to  very  well  sorted, 
fine  quartz  sand,  with  a  grey  to  yellow  colour.  The  grains  are  generally  rounded 
and  lightly  frosted.  Grain  size  analyses  are  shown  in  Fig.  7,  B,  C,  D,  E,  and  Fig.  8. 
Representative  grain  size  parameters  are  found  in  Table  1.  For  comparison,  the 
analysis  of  underlying  fluviatile  bed  21(b)  is  included,  Fig.  7 A.  The  very  coarse 
sand  bed  18(b)  is  also  near  the  base  of  the  unit. 

At  Section  18,  4  samples  above  bed  18(b)  were  obtained  for  size  analysis: 
Fig.  8 A,  B,  C,  D.  Sample  18(e)  1,  graph  C,  shows  the  presence  of  a  small  secondary 
mode  in  the  coarse  sand  grade,  whereas  sample  18(d)  taken  one  foot  lower  in  the 
sequence  shows  this  grade  to  be  dominant.  The  strongly  bimodal  nature  of  this 
sample  is  difficult  to  explain  in  terms  of  our  present  knowledge  regarding  sedimenta¬ 
tion,  but  several  hypotheses  are  later  considered.  The  bulk  of  this  unit  is  texturally 
homogeneous,  but  fine  horizontal  lamination  may  occasionally  be  discerned,  and  the 
coarser  sand  beds  are  horizontal. 

The  mineralogy  is  predominantly  of  clear  quartz,  with  rare  grains  of  reef  quartz 
and  a  little  orthoclase  felspar  near  the  base.  The  quartz  usually  contains  numerous 
inclusions  and  may  show  strain  extinction.  Heavy  minerals  are  mainly  ilmenite, 
zircon,  tourmaline,  and  rutile. 

The  base  of  the  Mt  Martha  Sand  Beds,  is  gradational  with  the  fluviatile  post- 
basaltic  sands,  but  the  upper  limit  is  usually  sharp,  and  may  be  easily  traced  along 
the  coast.  The  unit  is  20  to  40  ft  thick,  and  is  visible  for  about  one  mile,  from 
Locality  22  N.  to  Fossil  Beach,  where  it  is  cut  off  by  the  Fossil  Beach  Fault.  It  is 
recorded  in  the  Fossil  Beach  bore,  bed  17(e),  and  may  extend  a  mile  inland 
(Bore  2,  Moorooduc).  Keble  (1950,  p.  33)  recorded  these  sediments  suggesting 
their  transgressive  origin.  A  few  feet  of  fine,  clean  sand  S.  of  Manyung  Rocks, 
bed  10A(f),  and  the  medium,  very  well  sorted  sand  bed  at  Landslip  Point,  bed  2(d), 
may  be  northern  extensions  of  the  Mt  Martha  Sand  Beds. 

The  sediments  have  been  mainly  derived  from  the  reworking  of  older  Tertiary 
deposits. 
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Origin:  The  good  sorting  and  grain  roundness  of  much  of  this  unit  suggests  a 
littoral  or  nearshore  environment  (Inman  &  Chamberlain  1955,  Friedman  1962). 
Although  the  sands  may  have  achieved  these  characteristics  under  aeolian  conditions 
the  sub-horizontal  nature  of  the  beds  suggests  they  are  marine.  Unfortunately,  the 
presence  of  frosting  is  not  as  indicative  of  environment  as  was  once  thought 
(Kuenen  &  Perdok  1962). 

The  bimodal  nature  of  some  of  the  samples  and  the  field  observation  that 
intermixed  (and  not  laminated)  sands  occur  up  to  a  foot  in  thickness,  implies  that 
the  origin  of  the  sediment  is  probably  more  complex. 

Because  sand  of  medium  grade  is  at  a  minimum,  it  is  possible  that  this  grade  is 
not  produced  by  the  source  rocks.  However,  the  medium  sand  grade  is  present  in 
the  underlying  sands,  Fig.  7A,  and  forms  the  main  component  of  the  well  sorted 
sand  bed  at  Landslip  Point  (Fig.  9A),  as  well  as  of  Quaternary  dune  and  beach 
deposits  near  Frankston  (see  Fig.  9B,  and  Whincup  1944). 

It  is  also  possible  for  the  two  sand  grades  to  have  achieved  their  good  sorting 
in  separate  areas,  being  redeposited  together  during  periods  of  intense  current 
activity.  The  processes  involved  here  are  not  clear,  but  some  method  of  fractionation 
is  evidently  present. 

Analyses  of  recent  sands  off  the  South  African  coast  by  Fuller  (1961  and 
1962)  showed  a  similar  bimodal  distribution,  with  grains  near  2  $  (i  mm)  at  a 
minimum.  Samples  were  collected  mainly  from  the  beach  and  near-shore  regions, 
and  similar  characteristics  were  noticed  down  to  a  depth  of  15  fathoms.  Fuller 
showed  that  the  bimodal  nature  of  the  sands  was  not  due  to  lack  of  suitable  material 
in  the  source  rocks,  to  errors  in  the  sieve,  to  mineralogy,  or  to  a  differential 
abrasion  rate.  He  also  proposed  two  methods  summarized  below,  by  which  such 
fractionation  could  be  achieved. 

( 1 )  By  removal  of  the  2  <f>  fraction,  due  to  its  greater  susceptibility  to  erosion 
(compared  with  other  sand  grades).  This  is  considered  doubtful,  although  Hjul- 
strom’s  curve  does  show  a  broad  minimum  at  about  2  <f>,  indicating  that  this  grade 
is  easiest  to  erode. 

(2)  By  a  two-stage  fractionation  process  which  first  concentrated  the  com¬ 
ponent  on  the  beach,  and  then  removed  it  by  on-shore  wind  action. 

Primary  fractionation  would  be  achieved  in  the  swash  zone  where  material 
coarser  than,  and  including  the  2  grade,  would  remain  on  the  beach  while  finer 
sands  returned  with  the  backwash.  Secondary  fractionation  would  occur  when  the 
finer  beach  component  (i.e.  around  2  <f>)  was  carried  inland  by  onshore  wind 
action.  Subsequent  redistribution  of  the  depleted  beach  material,  on  the  shallow 
sea  floor  during  storms,  would  thus  result  in  a  bimodal  size  distribution. 

Seeing  that  the  wind  is  important  in  the  above  process  it  is  significant  to  note 
that  the  South  African  samples  came  from  shallow  coastal  seas  subjected  to  strong 
prevailing  onshore  winds.  Furthermore,  sand  of  the  2  <£  grade  was  found  to  be 
characteristic  of  the  associated  beaches  and  nearby  dunes. 

The  close  similarity  between  some  of  the  current  analyses  and  those  described 
by  Fuller  is  striking.  The  presence  of  the  coarse  fraction  in  a  sub-horizontal  layer 
being  intimately  mixed  with,  and  then  overlain  by  the  predominant  fine  fraction 
is  probably  best  explained  by  Fuller’s  two  stage  fractionation  process.  It  may  also 
be  significant  that  the  nearby  beach  and  dune  sands  are  predominantly  of  medium 
sand  grade  (Whincup  1944).  Work  on  Egyptian  dune  sands  (Harris  1957)  has 
similarly  shown  the  progressive  sorting  and  downwind  concentration  of  this  com¬ 
ponent  derived  from  initially  available  material  in  the  0-4  <j>  range.  Tanner  (1964) 
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has  criticized  Fuller’s  interpretation  but,  nevertheless,  states  that  such  sediments 
may  characterize  nearshore  marine  sands.  . 

It  must  be  stressed  that  further  sample  analysis  and  theoretical  clarification  of 
Fuller’s  hypothesis  is  required  before  we  can  be  sure  of  the  exact  processes  involved. 
Sufficient  analyses  have  however  been  done  to  indicate  that  the  Mt  Martha  Sand 
Beds  are  marine,  near-shore  deposits.  Thus  they  represent  the  early  stages  of  the 
Tertiary  transgression  in  the  Mornington  District. 

Age:  The  age  of  these  beds  is  pre-Balcombian,  but  the  absence  of  fossils 
prevents  a  more  "precise  determination.  Seeing  that  the  earliest  dated  marine  beds 
in  the  Manyung  Rocks  area  are  Batesfordian,  it  is  probable  that  these  sands  are  of 
approximately  equivalent  age. 


Table  1 

Representative  Grain  Size  Parameters 
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21(b)  .. 
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-005 

1  *67 

2(d) 

1-91 

0-21 

+010 

1-5 

1-90 
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Harmon  Rocks  Sand  Bed 

The  Harmon  Rocks  Sand  Bed  is  a  layer  of  very  coarse  sand  which  uniformly 
overlies  the  Mt  Martha  Sand  Beds,  and  underlies  the  Balcombe  Clay.  Bed  (f)  of 
Section  18  (Cranbourne,  1  mile,  071839)  best  illustrates  this  unit,  the  name  being 
derived  from  a  small  point  in  Balcombe  Bay  (Locality  19). 

The  Bed  may  be  traced  S.  of  Fossil  Beach  Fault  as  beds  18(f),  19(c),  21(d) 
and  22(b),  beyond  which  it  dips  below  sea  level  and  is  probably  faulted  against 
Chechingurk  Fault.  In  the  Fossil  Beach  bore,  it  is  recorded  as  underlying  the 
Balcombe  Clay,  bed  17(f)  in  part,  but  its  inland  extent  is  unknown.  The  thickness 
of  the  Bed  varies  from  2  ft  in  Section  21  to  9  ft  in  Section  1 8. 

The  Harmon  Rocks  Sand  Bed  is  composed  essentially  of  a  very  coarse  quartz 
sand  (35-50%)  with  lesser  amounts  of  finer  sands,  and  some  silt  and  clay 
(8-15%)-  Grain  size  analyses  are  shown  in  Fig.  10  A  and  B.  Rare  lenses  of  mud 
may  be  present,  but  much  of  this  finer  fraction  is  probably  derived  by  leaching 
from  the  overlying  unit.  The  lower  junction  is  usually  sharp  and  even,  whereas  the 
upper  boundary  may  consist  of  a  thin  (2"-3")  laminated  layer  of  mud  pellets  and 
coarse  clayey  sand.  Internal  bedding  within  the  unit  could  not  be  discerned. 

Irregular  cementation  by  a  yellow  ‘jarosite’  mineral  (refer  to  the  section  on 
Balcombe  Clay)  occurs  near  the  top  of  the  unit,  and  is  prominent  towards  the  N. 
end  of  its  exposure.  The  colour  is  usually  grey,  except  where  ferruginized  or 

cemented  by  ‘jarosite’.  . .  ,  „  , 

The  sand  fraction  consists  of  clear  quartz  with  only  small  amounts  of  reef 

quartz  and  weathered  felspar.  Rare  granules  and  small  pebbles  of  Palaeozoic  sand¬ 
stone  and  shale  also  occur.  The  quartz  grains  are  subrounded  and  polished,  but 
contain  re-entrants  indicating  only  a  short  period  of  abrasion  (cf.  roundness  of 
underlying  sands).  Some  of  the  grains  in  the  finer  1-3  4>  fractions  are  well  rounded 
and  frosted.  These  were  probably  derived  by  erosion  of  the  exposed  portions  of 
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Key: 


Fig.  7-10 — Grain  size  distribution  graphs. 


Fig.  7 — Graph  A — bed  21(b);  B — bed  18(a);  C — Bed 
19(b)  2. 


18(b);  D— bed  19(b)  1;  E— bed 


Fig.  8— Graph  A— bed  18(c),  5'  below  18(d);  B— bed  18(d);  C— bed  18(e),  V  above 
18(d);  D — bed  18(e),  7 '  above  18(d). 

Fig.  9 — Graph  A — bed  2(d);  B — Pleistocene  dune  sand,  Woolston  Drive,  li  mile  S.  of 
Frankston. 

Fig.  10 — Graph  A — bed  18(f);  B — bed  19(c). 
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the  underlying  sands.  Heavy  minerals  consist  of  abundant  ilmenite,  with  some 
tourmaline,  rutile  and  zircon. 

Carbonate  is  absent  and  no  fossils  have  been  found.  The  presence  of  ‘jarosite’ 
indicates  that  pyrite  was  probably  present.  However,  the  acid  conditions  formed  by 
oxidation  of  the  sulphide  would  have  removed  any  initial  carbonate. 

Origin:  The  coarse,  poorly  sorted  nature  of  this  deposit  suggests  a  fluviatile 
origin.  A  return  to  such  conditions  may  have  followed  a  slight  retreat  of  the  sea. 
However,  with  active  inland  erosion  possibly  aided  by  faulting,  fluviatile  conditions 
may  have  re-asserted  themselves  without  a  fall  in  sea  level.  A  similar  influx  of 
coarse  sands  persisted  during  the  deposition  of  the  NE.  Balcombe  Clay  equivalent 

_ the  Sherwood  Marl,  at  the  basin  margin,  some  15  miles  E.  of  Frankston  (Jenkin 

1962,  Fig.  3). 

The  age  of  the  Harmon  Rocks  Sand  Bed  is  pre-Balcombian,  and  probably 
Batesfordian. 

Balcombe  Clay 

This  formation  is  named  after  the  well  known  and  richly  fossiliferous  outcrop  at 
Balcombe  Bay,  the  exact  locality  being  at  Fossil  Beach,  li  mile  S.  of  Mornington 
(measured  Section  17;  Cranbourne,  1  mile,  072845).  Here,  Singleton  defined  the 
Balcombian  Stage  of  the  Victorian  Tertiary  sequence,  and  gave  a  measured  section 
(Singleton  1941,  p.  25).  Beds  17(g)  to  (q)  (i.e.  beds  (g)  to  (k)  of  Singleton), 
are  here  proposed  as  the  type  section  of  the  Balcombe  Clay.  This  formation  includes 
all  marine  silts,  clays,  and  concretionary  limestones,  in  the  Mornington  District, 
that  overlie  the  Harmon  Rocks  Sand  Bed  and  similar  marine  sands,  and  underlie 
the  Marina  Cove  Sand.  Although  the  predominant  lithology  is  a  clayey  silt,  the 
popular  term  ‘clay’  is  used  in  the  formational  name.  Use  of  the  term  ‘marl’  is 
avoided  seeing  that  this  term  should  strictly  be  applied  to  clay-carbonate  and  not 
silt-carbonate  mixtures  (Pettijohn  1957,  p.  410). 

Extent  and  Thickness 

S.  of  Fossil  Beach  (Sections  18  to  22),  the  Balcombe  Clay  is  5  to  15  ft  thick 
and  overlies  the  Harmon  Rocks  Sand  Bed.  At  Fossil  Beach  it  is  about  70  ft  thick 
and  extends  northward  where  it  underlies  Mornington.  S.  of  Manyung  Rocks 
(Section  10)  a  total  thickness  of  about  170  ft  was  recorded,  whereas  farther  N. 
its  thickness  is  unknown,  but  it  occurs  in  Grices,  Dennant,  and  Ballar  Creeks. 
Proposed  leached  or  ferruginous  equivalents  occur  in  two  outcrops  at  Daveys  Bay 
(Localities  4  and  5),  and  in  a  fault  remnant  at  Landslip  Point  (Section  2).  The 
ferruginous  and  fossiliferous  outcrop  near  Baxter,  initially  described  by  Chapman 
( 1921 ),  is  also  considered  to  be  an  equivalent  of  this  formation.  Inland  bores  have 
recorded  possible  extensions  of  the  Balcombe  Clay,  but  strict  identification  is  im¬ 
possible  without  careful  sample  analysis. 

On  the  E.  side  of  Mornington  Peninsula,  bores  record  the  equivalent  formation, 
Sherwood  Marl  (Jenkin  1962,  p.  14)  to  be  40  to  130  ft  thick  at  Tyabb.  Farther 
E.  on  French  I.  it  reaches  1 85  ft  in  thickness. 

In  the  Sorrento  Bores  of  the  Nepean  Peninsula,  a  similar  facies  of  consolidated 
‘marl’  and  ‘sandy  marl’  extends  from  about  900  ft  down  to  the  bore  limit  of  2,017  ft 
(Chapman  1928;  Keble  1950,  p.  37;  and  Boring  Records  1955-56).  It  also  occurs 
in  the  Rye  Bores  (Wannaeue  12,  13),  but  is  much  more  sandy  due  to  the  influence 
of  the  nearby  granitic  landmass  (Dromana  granite). 

Lithology  and  Internal  Structure 

The  lithology  of  the  Balcombe  Clay  is  best  considered  under  two  headings: 
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A.  The  calcareous,  fossiliferous,  non-leached  part. 

B.  The  non-calcareous,  poorly  fossiliferous,  leached  part. 

A.  The  Calcareous  Balcombe  Clay 

The  calcareous  part  is  exposed  at  Fossil  Beach,  S.  of  Manyung  Rocks,  and  in 
Grices,  Dennant,  and  Ballar  Creeks.  The  first  three  localities  offer  the  best  exposures 
and  provide  most  of  the  detailed  information.  The  sediment  is  a  grey,  fossiliferous, 
clayey  silt  with  layers  of  hard  carbonate  concretions.  The  silt  is  sticky  when  wet, 
but  shrinks  and  becomes  hard  when  dried.  Repeated  wetting  and  drying,  as  on  the 
foreshore  exposures,  causes  its  rapid  disintegration. 

Bedding  or  stratification  within  the  Balcombe  Clay  is  restricted  to  the  layers  of 
concretions  and  an  occasional  darker  bed  containing  numerous  and  distinct  light 
grey  burrows  (referred  to  as  a  burrow-bed).  The  size  of  these  burrows  varies  from 
14  to  *  *n  diameter  and  they  were  apparently  made  by  burrowing  molluscs  as 
well  as  worms.  Most  of  the  sediment  is  indistinctly  mottled  in  structure,  with 
segregations  or  pellets  of  darker  clay  in  a  homogeneous  silt-clay  matrix.  Lighter- 
coloured,  coarser  and  more  fossiliferous  segregations,  with  indistinct  boundaries 
are  also  present.  ’ 

At  Fossil  Beach,  the  exposure  reveals  a  homogeneous  dark  grey  clayey  silt  with 
a  few  indistinct  lighter  coloured  segregations  of  silt  and  fossils.  In  the  Manyung 
Rocks  area  to  the  north,  the  exposed  beds  arc  generally  lighter  in  colour,  appear  to 
contain  less  clay  and  show  more  pronounced  mottling.  In  this  area  the  beds  low 
m  the  sequence  are  of  an  intermediate  nature.  When  very  fresh,  the  Balcombe  Clay 
is  bluish-grey  in  colour  but  exposed  sections  take  on  an  olive  or  yellow  tint  due  to 
the  oxidation  of  pyrite. 

Grain  size  analyses  were  carried  out  on  washed,  but  otherwise  untreated  samples 
and  the  results  are  shown  in  Fig.  11,  13.  The  results  are  very  similar  and  show  the 
preponderance  of  silt-size  particles.  Median  diameters  vary  from  5  to  7  5  a,  and 
the  sediment  may  be  generally  classed  as  a  clayey  silt  (Shepard  1954)  or  of  type 
IHb  (Inman  &  Chamberlain  1955).  The  sample  from  Fossil  Beach  is  slightly  fiiier 
than  those  from  the  Manyung  Rocks  area  to  the  north,  where  there  is  also  a 
coarsening  toward  the  top  of  the  sequence. 

An  estimate  of  the  carbonate  percentage  was  obtained  by  treatment  with  warm 
1M/HC1.  The  result  of  1 1  analyses  show  the  average  carbonate  content  to  be  about 
27%,  and  to  vary  from  11  to  43%  depending  largely  on  the  amount  of  calcareous 
fossils  present.  Some  carbonate  also  occurs  in  the  finer  silt  and  clay  fractions 
Samples  from  Fossil  Beach,  Dennant  Ck,  and  from  the  base  of  the  sequence  S  of 
Manyung  Rocks  are  generally  low  in  carbonate  as  compared  with  the  upper  part 
of  the  Balcombe  Clay  in  the  Manyung  Rocks  area.  A  few  sample  residues  were 
treated  with  disaggregating  agents,  and  sieved  through  the  63  t>.  sieve  in  order  to 
obtain  sand/silt-clay  ratios.  However,  the  large  proportion  of  non-detrital  clay  pellets 
and  other  mineral  segregations,  in  the  sand  fraction,  discouraged  any  further 
analyses. 

Microscopic  study  of  the  total  sand  fraction  revealed  an  abundance  of  fossil 
debris,  mainly  Foraminifera,  but  also  small  Mollusca  and  larger  fossils.  Mud  and 
glauconite  pellets,  aggregates  of  pyrite  and  pyritic  worm  tubes,  siliceous  sponge 
spicules,  bleached  mica  flakes,  and  quartz  grains  also  occur  in  varying  proportions. 
The  amount  of  sponge  spicules  varies  greatly  throughout  the  beds.  Analysis  for 
organic  carbon  was  not  made  but  some  appears  to  be  present. 

Mineral  analysis  of  the  finer  fractions  of  the  Balcombe  Clay  was  carried  out 
by  X-ray  diffraction  of  samples  from  Fossil  Beach.  The  <  2  fraction  contains 
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mainly  quartz  and  clay  minerals,  with  a  very  small  amount  of  calcite.  Kaolinite, 
illite,  and  montmorillonite  occur  in  approximately  equal  proportions.  The  coarser 
2-20  fx  fraction  contains  quartz,  some  kaolinite,  illite,  and  a  little  calcite. 

Concretions:  The  friable  clayey  silt  described  above  is  interspersed  with  hard 
limestone  concretions  arranged  in  layers  parallel  to  the  bedding.  They  are  flattened 
spheroidal  in  shape,  vary  in  size  from  a  few  inches  to  several  feet  in  length,  and  are 
usually  6-10"  thick.  Septarian  structure  is  usually  well  developed  in  the  concretions 
at  Fossil  Beach,  but  is  rarely  present  in  those  of  the  Grices  Ck  area.  The  cause  of 
this  is  uncertain  and  may  lie  in  the  greater  proportion  of  clay  at  the  former  locality 
(and  hence  shrinkage  on  dehydration).  Although  the  boundary  of  a  concretion  is 
usually  sharp,  it  does  not  separate  any  internal  feature  from  an  external  one.  Its  only 
apparent  characteristic  is  that  additional  lime  has  been  segregated  causing  it  to 
become  strongly  lithified.  Because  the  internal  texture  of  these  bodies  is  identical 
with  that  of  the  surrounding  silt  and  because  they  are  produced  by  segregation  of 
carbonate  within  the  matrix,  they  are  called  concretions  and  not  nodules,  using  the 
definition  of  Pettijohn  (1957,  p.  200,  203). 

Total  carbonate  in  the  concretions  is  about  80%  (av.)  but  varies  from  77  to 
87%.  X-ray  analysis  revealed  the  carbonate  to  be  an  impure  calcite  with  10-15 
mol  %  of  MgC03  in  CaCO».  Staining  with  titan  yellow  further  showed  the  con¬ 
centration  of  dolomitic  carbonate  in  some  foraminiferal  tests.  Detailed  chemical 
analysis  was  not  carried  out  on  the  concretions,  but  early  analyses  quoted  in  Keble 
(1917)  show  that  the  phosphate  content  is  very  small. 

The  firm  nature  of  these  bodies  enabled  the  close  study  of  the  internal  structure 
of  the  sediment  by  means  of  large  polished  and  treated  sections  (lightly  etched  with 
acid,  then  stained  with  titan  yellow).  This  process  was  found  to  highlight  the 
structure  and  thin  sections  were  used  to  supplement  the  analysis. 

A  concretion  consists  of  fossil  debris  and  a  little  quartz  sand  in  a  dark  silt-clay 
matrix.  The  calcite  is  present  in  micro-crystalline  form,  but  sparry  calcite  occurs 
infilling  some  fossils.  Shrinkage  cracks  are  sometimes  filled  with  calcite  crystals 
growing  inward  from  the  walls.  Pyrite  is  irregularly  disseminated  throughout  the 
deposit  as  well  as  partially  or  completely  replacing  some  fossils.  Glauconite  occurs 
as  rare  light  green  pellets,  or  infills  foraminiferal  tests.  These  pellets  occasionally 
have  a  centre  of  pyrite. 

No  bedding  or  lamination  could  be  distinguished,  the  only  observable  structures 
being  fine  mud  (?  faecal)  pellets  and  segregations  of  coarser  silt,  sand  and  fossils. 

Relation  of  Concretions  to  Bedding:  The  concretions  are  found  in  parallel 
layers,  and  are  parallel  with  the  burrow-beds  previously  described.  Seeing  that  the 
latter  are  the  only  definite  evidence  of  bedding,  it  appears  that  the  concretions  were 
formed  parallel  to  the  depositional  plane.  In  view  of  the  mixed  nature  of  the  sediment, 
the  preferential  development  of  concretions  parallel  to  the  bedding  direction  is  hard 
to  understand.  The  mixing  of  the  sediment  may  have  been  insufficient  to  completely 
homogenize  the  deposit,  and  slight  difference  in  chemistry  or  porosity  could  have 
localized  the  precipitation  of  carbonate.  In  some  horizons  the  concretions  form  an 
almost  continuous  layer,  whereas  in  others  they  are  only  sparsely  distributed.  In 
wide  exposures,  such  as  that  S.  of  Manyung  Rocks,  the  layers  converge  and  diverge 
slightly.  Their  spacing  varies  from  2  to  17  ft,  but  most  of  them  are  3  to  8  ft  apart. 

B.  Non-Calcareous  Balcombe  Clay 

Acid  solutions  which  accompanied  the  strong  leaching  and  ferruginization  of  a 
later  period,  penetrated  into  the  Balcombe  Clay,  removing  the  carbonate,  and 


CUMULATIVE 


486 


V.  A.  GOSTIN 


Fig.  11-13 — Grain  size  distribution  graphs  of  the  Balcombe  Clay. 

Key: 

Fig.  11 — Graph  A — bed  17(h);  B — bed  10A(g),  base;  C — sample  10B/1;  D — bed  7B(a), 
30  yds  upstream. 

Fig.  12 — Graph  E — Bed  17(q);  F — bed  18(g);  G — bed  5(a);  H — Locality  4,  grey  clayey 
silt. 

Fig.  13 — Locates  all  the  above  results  on  a  sand-silt-clay  diagram. 
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induced  other  mineralogic  changes.  Where  the  Balcombe  Clay  is  thin,  as  in  the 
exposure  S.  of  Fossil  Beach  (e.g.  beds  18(g),  22(c))  all  the  sediment  has  been 
affected.  Where  it  is  thick  as  at  Fossil  Beach  and  in  the  Manyung  Rocks  area,  only 
the  upper  part  has  been  so  altered.  The  depth  to  which  these  changes  have  occurred 
varies  from  6  ft  at  S.  of  Manyung  Rocks,  to  some  26  ft  at  the  N.  end  of  Fossil 
Beach,  and  probably  depended  on  the  proximity  of  the  surface  during  the  period 
of  weathering. 

Its  lithology  is  a  grey  to  brownish-grey  clayey  silt  similar  in  structure  and  com¬ 
position  to  the  non-leached  portion,  but  lacking  in  carbonate  fossils  and  con¬ 
cretions.  Numerous  joints  usually  occur  and  these  are  lined  or  filled  with  a  yellow 
mineral.  S.  of  Fossil  Beach  the  base  of  the  silt  unit  (e.g.  bed  18(g))  is  partially 
cemented  with  a  similar  mineral  identified  by  X-ray  diffraction  and  chemical 
analysis  as  karphosiderite.  This  is  similar  to  jarosite  (being  its  H30+  form),  and 
is  thought  to  have  been  derived  from  the  acid  weathering  of  pyrite  and  glauconite. 
Reaction  of  pyrite  with  the  calcareous  debris  in  an  oxidizing  environment  has  also 
produced  crystals  of  selenite  at  Fossil  Beach. 

At  Locality  18,  S.  of  Fossil  Beach,  opaline  foraminiferal  moulds  have  been 
found  after  careful  washing  of  the  Balcombe  Clay.  Siliceous  sponge  spicules  occur 
sporadically  and  careful  examination  reveals  that  worm  burrows,  faecal  pellets,  and 
moulds  of  larger  fossils  are  preserved  in  the  silt  where  it  has  not  been  too  strongly 
weathered  or  disturbed  by  fractures. 

At  Fossil  Beach  and  S.  of  Manyung  Rocks,  a  few  carbonate  fossils  and  con¬ 
cretions  of  the  calcareous  portion  persist  a  short  distance  into  the  upper  leached 
portion,  but  the  junction  of  the  silt  is  sharp,  and  at  the  former  locality  is  also 
disturbed  by  slipping. 

Grain  size  analyses  of  the  non-calcareous  part  of  the  Balcombe  Clay  (Fig.  12, 
13)  show  its  general  similarity  with  the  calcareous  part.  At  Fossil  Beach,  the  non- 
calcareous  part  (graph  E)  has  a  greater  proportion  of  sand  and  silt  sized  particles 
than  the  calcareous  part  (graph  A).  This  does  not  of  itself  reflect  a  coarsening  of 
the  sediment  seeing  that  the  sand  fraction  of  the  former  contains  a  large  proportion 
of  mud  aggregates  with  lesser  amounts  of  detrital  quartz  sand.  Prolonged  attempts 
at  complete  disaggregation  failed  to  effect  the  required  breakdown  of  the  aggre¬ 
gates.  Comparison  of  the  grain  size  distribution  of  the  two  parts  of  the  Balcombe 
Clay  is  therefore  difficult  except  in  a  very  general  way. 

Marine  Sediments  at  Daveys  Bay:  Two  outcrops  of  fine,  non-calcareous 
marine  sediments  at  Daveys  Bay  are  considered  to  be  northern  extensions  of  the 
Balcombe  Clay. 

The  first,  at  Locality  4,  is  a  grey  clayey  silt  (size  anal.,  Fig.  12H),  with  yellow 
stained  joints,  similar  to  other  exposures  of  the  non-calcareous  Balcombe  Clay. 
Close  examination  reveals  a  homogeneous  internal  structure  with  a  few  faint  burrows 
and  mud  pellets.  Carbonate  is  absent,  but  fossil  impressions  occur,  and  washings 
reveal  a  variety  of  siliceous  sponge  spicules,  Fig.  15.  The  sand  fraction  consists  of 
these  spicules  with  some  bleached  mica  and  fine  quartz.  Although  the  stratigraphic 
relationship  cannot  be  observed,  the  lithology  suggests  the  sediment  to  be  a  leached 
equivalent  of  the  Balcombe  Clay. 

At  Locality  5,  the  lowest  bed,  5(a),  is  composed  of  indistinct  layers  of  non- 
calcareous  silt  and  clay.  Because  it  contains  marine  fossils  (sponges),  and  underlies 
a  bed  of  very  fine  sand  5(b),  similar  to  bed  7B(b)  at  Dennant  Ck,  it  is  regarded 
to  be  a  leached  equivalent  of  the  Balcombe  Clay.  The  least  altered  grey  clayey 
portion  of  the  bed  was  used  in  the  grain  size  analysis,  Fig.  12G.  Results  show  some 
55%  of  clay  sized  particles  which  is  the  highest  recorded  of  all  the  samples.  The 
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sand  fraction  consists  of  limonite-replaced  worm  tubes  and  faecal  pellets,  siliceous 
sponge  spicules,  quartz  grains,  and  bleached  mica  flakes.  The  limonite  may  be  a 
result  of  oxidation  of  original  pyrite  or  glauconite  in  the  sediment. 

Comparison  of  the  size  distribution  of  the  Daveys  Bay  samples  (Fig.  12G,  H) 
with  other  Balcombe  Clay  samples  is  difficult  because  of  the  unknown  quantitative 
effect  of  the  acid  leaching.  However,  both  these  samples  show  bimodal  character¬ 
istics,  with  some  40%  in  the  coarse  silt  fraction  (4-6  <£),  and  the  second  mode  in 
the  colloid  fraction  (<  1  /*)•  This  may  indicate  some  difference  in  the  depositional 
environment. 

Marine  Sediments  at  Landslip  Point:  The  Landslip  Point  Tertiary  sequence 
(Section  2)  contains  a  ferruginous  layer,  bed  2(g),  with  moulds  of  marine  fossils. 
It  was  first  recorded  by  Kitson  (1900,  p.  7).  Hall  &  Pritchard  (1901)  gave  a  short 
faunal  list,  and  assumed  that  this  outcrop  was  contiguous  with  the  ‘ferruginous  grits 
which  mantle  the  surface  of  the  district’  (i.e.  the  Baxter  Sandstones).  Chapman 
(1921)  stressed  this  relationship,  and  by  providing  additional  fossil  determinations, 
attempted  to  date  these  ferruginous  deposits.  Singleton  (1941,  p.  77)  criticized 
Chapman’s  dating,  but  continued  to  regard  all  ferruginous  sediments  in  the  district 
as  belonging  to  the  one  formation.  Keble  (1950,  p.  40),  who  regarded  the  fossili- 
ferous  band  as  representing  a  shallow  water  facies  of  the  Miocene  sea,  suggested 
that  the  overlying  beds  may  partly  represent  the  Baxter  Sandstones.  However,  he 
did  not  recognize  the  clayey  silt  beds  2(f)  and  (h)  as  leached  equivalents  of  his 
‘Balcombian  marls’  (=  Balcombe  Clay),  and  stated  that  (p.  41):  ‘As  the  marls 
are  not  present  at  Landslip  Point,  the  relationship  to  the  fossiliferous  ironstones  is 
uncertain’. 

As  in  the  above  instance,  several  other  Tertiary  ferruginous  units  in  Victoria 
have  been  regarded  as  formations,  e.g.  the  ‘Moitun  Creek  Beds’  of  Gippsland. 
However,  recent  work  by  Wilkins  (1962)  in  that  area  has  clearly  shown  that  this 
ferruginous  unit  is  not  sedimentary,  but  is  a  result  of  post-depositional  weathering. 
In  other  words,  the  ferruginous  nature  is  not  a  property  of  a  single  formation,  but 
of  all  suitable  formations  which  happen  to  be  exposed  to  the  influence  of  leaching 
and  femiginization. 

Careful  examination  of  the  Landslip  Point  sequence  shows  that  bed  2(d)  overlies 
early  Tertiary  fluviatile  deposits,  and  consists  of  rounded  and  very  well  sorted  sands 
(Fig.  9A).  It  is  probably  of  littoral  or  nearshore  origin  and  is  overlain  by  poorly 
sorted  clayey  sand  and  clayey  silt,  beds  2(e)  to  (h),  probably  representing  a  deeper 
water  environment.  The  silt  contains  impressions  of  Mollusca  and  does  not  show 
lamination.  Its  total  thickness  is  unknown  because  the  present  upper  junction  is 
landslipped.  Near  the  base  of  the  silt  unit  is  a  thin  irregular  layer  of  hard  ferruginous 
silt  or  ‘ironstone’,  bed  2(g),  containing  moulds  of  fossils,  scattered  throughout  or 
segregated  into  locally  rich  pockets.  A  few  yards  to  the  north,  the  ferruginization 
affects  the  underlying  clayey  sand  instead  of  the  silt.  It  is  important  to  note  that 
the  texture  of  the  ‘ironstone’  is  similar  to  that  of  the  surrounding  material,  and  in 
both  cases  is  different  from  lithified  samples  of  younger  formations  (Marina  Cove 
Sand  and  Baxter  Sandstones).  The  type  and  planar  arrangement  of  the  fossils  in 
the  Marina  Cove  Sand  is  also  distinct  from  the  Landslip  Point  ironstone.  Further¬ 
more,  the  abundant  exposures  of  coarse  poorly  sorted  sands  of  the  Baxter  Sand¬ 
stones  have  not  yielded  any  marine  fossils. 

From  the  above  observations  it  becomes  apparent  that  ferruginization  at  Franks- 
ton,  as  in  Gippsland,  has  been  a  post-depositional,  weathering  effect.  Thus,  con¬ 
sidering  the  sequence  without  the  effect  of  leaching,  the  clayey  silt  unit  as  well  as 
the  ferruginous  layer,  must  be  regarded  as  being  initially  a  calcareous  clayey  silt. 
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Because  of  the  similarity  of  this  sequence  to  other  Tertiary  sequences  in  the  Morn- 
ington  District  (e.g.  Section  10),  beds  2(f)  to  (h)  are  considered  to  represent  the 
Balcombe  Clay  at  this  locality. 

The  fauna  from  bed  2(g)  has  been  listed  in  Chapman  (1921 ).  All  the  available 
specimens,  nevertheless,  have  been  re-examined,  and  those  species  considered  to  be 
distinctive  have  been  listed  in  Table  3.  From  comparison  with  other  exposures  of 
the  Balcombe  Clay,  it  appears  that  this  fauna  shows  greatest  affinity  with  that  of 
Fossil  Beach.  However,  because  Batesfordian-Balcombian  macrofossils  have  not 
been  distinguished  in  this  study,  the  Landslip  Point  fauna  is  probably  of  Bates- 
fordian  to  lower  Balcombian  age. 

Other  Balcombe  Clay  Equivalents:  Ferruginous,  fossiliferous  silts  (iron¬ 
stones)  similar  to  that  of  Landslip  Point  are  found  elsewhere  in  the  Mornington 
District: 

(1)  An  exposure  of  a  fossiliferous  ironstone  in  Watsons  Ck  (Cranbourne,  1 
mile,  213892)  was  initially  described  by  Chapman  (1921)  who  identified  Chlamys 
praecursor.  Miss  I.  Crespin  (in  Keble  1950,  p.  40)  confirmed  this  identification 
and  further  identified  Lepidocyclina  howchini  Chapman  &  Crespin.  The  former 
fossil  has  a  long  time  range,  whereas  the  latter  is  subject  to  facies  control  so  that 
the  exact  age  of  this  sediment  remains  unknown.  Close  examination  of  samples 
collected  from  this  locality  did  not  provide  any  further  determinations,  but  showed 
that  the  texture  of  the  matrix  and  the  scattered  nature  of  the  fossil  debris  (now 
moulds)  is  similar  to  the  ironstone  from  Landslip  Point.  Lack  of  exposures  pre¬ 
vented  further  elucidation  of  the  stratigraphy  of  this  area. 

(2)  A  specimen  of  a  fossiliferous  ironstone  was  found  in  a  landslip  on  the  N. 
side  of  Grices  Ck,  near  the  upstream  section  of  the  Balcombe  Clay  sequence.  The 
texture  indicates  its  origin  to  be  a  leached  and  ferruginous  part  of  the  Balcombe 
Clay. 

(3)  Some  6i  miles  NE.  of  Frankston  (Cranbourne,  1  mile,  267011),  a  small 
outcrop  of  Tertiary  fossiliferous  and  ferruginous  silt  was  recorded  by  Kitson  ( 1902). 
Samples  from  this  locality  were  later  collected  by  A.  A.  Baker.  Examination  of  these 
revealed  a  fauna  of  large  Foraminifera  (Amphisteginae),  solitary  corals,  and  small 
molluscs,  ail  present  as  moulds.  The  texture  of  the  material  is  similar  to  the  Land¬ 
slip  Point  ironstone,  but  is  much  more  porous,  indicating  a  greater  proportion  of 
calcareous  debris  in  the  original  silt  or  ‘marl’. 

These  exposures  are  considered  to  be  of  similar  origin  to  the  Landslip  Point 
ironstone,  being  leached  and  ferruginous  equivalents  of  the  Balcombe  Clay,  or  an 
equivalent  formation. 

Provenance  and  the  Environment  of  Deposition  of  the  Balcombe  Clay 

The  lithology  and  mineralogy  of  the  calcareous  Balcombe  Clay  provides  a  good 
indication  of  the  source  material,  the  environment  of  deposition,  the  influence  of  the 
biogenic  component,  and  the  subsequent  diagenesis. 

Quartz,  mica,  and  the  clay  minerals  are  all  allogenic  components,  and  nave  been 
derived  from  the  weathering  products  of  a  variety  of  rocks  such  as  granite,  basalt, 
and  older  sedimentary  rocks.  However,  some  illite  may  have  been  formed  diagen- 
etically  (several  references  given  in  Carroll  &  Starkey  1960). 

The  carbonate  occurs  mainly  in  the  form  of  fossils,  which,  judging  by  their 
splendid  state  of  preservation,  have  not  been  transported  for  any  considerable 
distance.  However,  detrital  fossil  debris,  mainly  of  sand  size,  but  present  also  in 
the  finer  grades,  was  probably  derived  from  the  normal  attrition  of  faunal  remains 
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nearer  the  shoreline.  The  fossils  show  little  or  no  sign  of  solution,  and  the  occasional 
presence  of  nacreous  layers  shows  that  conditions  were  neutral  or  alkaline. 

The  finely  crystalline,  disseminated  nature  of  the  pyrite  and  the  pyritic  pseudo- 
morphs,  clearly  indicate  its  diagenetic  origin.  Such  pyrite  implies  that  stagnant  and 
reducing  conditions  were  present  only  at  the  level  of  formation,  i.e.  below  the 
depositional  interface;  and  oxygenated  conditions  capable  of  supporting  a  flourish¬ 
ing  benthonic  fauna  could  have  been,  as  in  this  case,  simultaneously  present 
(Moretti  1957,  and  Greensmith  1962).  The  pyrite  was  probably  formed  by  bio¬ 
chemical  activity  soon  after  deposition  of  the  sediment.  Such  biogenic  pyrite  is 
known  to  form  even  in  recent  sediments  as  described  by  Love  &  Murray  ( 1 963 ) 

The  glauconite  which  occurs  as  pellets,  or  infills  foraminiferal  tests,  is  probably 
diagenetic,  although  some  of  it  may  have  been  transported.  It  is  known  to  form 
from  a  variety  of  minerals  by  marine  diagenesis,  generally  on  a  shelf  environment 
under  conditions  of  slow  deposition  (Deer,  Howie,  &  Zussman  1962). 

The  formation  of  concretions  post-dates  that  of  pyrite  and  glauconite  and  is 
thought  to  be  a  late  stage  diagenetic  effect.  The  origin  of  the  carbonate  and  the 
process  of  segregation  is  not  very  clear,  but  the  gradual  expulsion  of  sea  water 
from  the  sediment  during  compaction  may  have  provided  a  suitable  environment 
for  the  precipitation  of  calcite.  The  high  pH  necessary  for  this  to  occur  may  have 
been  produced  by  the  release  of  ammonia,  resulting  from  the  decomposition  of 
nitrogenous  organic  matter,  as  suggested  by  Weeks  (1957). 

Interpretation  of  Texture  and  Internal  Structure 

Deposits  of  fine  grained  sediments  are  typically  laminated  unless  there  has 
been — 

(1)  Continuous  sedimentation  (i.e.  without  the  slightest  interruption),  or 

(2)  co-precipitation  of  silt  and  clay  with  organic  matter,  or 

(3)  post-depositional  disturbance. 

Continuous  sedimentation  (or  rapid  sedimentation)  rarely  occurs  over  any  con¬ 
siderable  length  of  time  and  hence  is  restricted  to  thin  beds  or  formed  under 
exceptional  circumstances.  Co-precipitation  of  clay  and  silt  along  with  organic 
matter  or  other  chemical  compounds  such  as  iron  hydroxide,  is  possible  (Boswell 
1961,  Ch.  11),  but  the  extent  to  which  this  occurs  in  nature  is  uncertain.  In  a 
marine  environment  with  a  large  supply  of  clay  and  fine  silt  particles,  flocculation 
may  give  rise  to  a  more  homogeneous  sediment.  Laminated  sediments  formed  by 
intermittent  deposition  may  be  homogenized  either  by  a  physical  disturbance,  espec¬ 
ially  during  the  thixotropic  state  of  the  mud  (Boswell  ibid.)  or  by  the  burrowing 
activity  of  a  rich  benthonic  fauna. 

Analysis  of  the  Balcombe  Clay  shows  that  sedimentation  was  slow  but  without 
significant  periods  of  non-deposition.  Both  the  coarse  and  the  fine  components  of 
the  sediment  can  be  accounted  for  by  variable  currents  and  an  intermittent  supply 
of  detritus.  Once  deposited,  the  sediment  was  mixed  by  the  benthonic  fauna,  but 
some  physical  disruption,  including  the  settling  of  coarser  debris  into  the  mud,’  also 
occurred. 

Similar  internal  structure  to  that  of  the  Balcombe  Clay  has  been  described  by 
several  workers  on  recent  sediments  (including  Moore  &  Scruton  1957,  Van 
Straaten  1959),  as  occurring  on  the  open  shelf  and  in  enclosed  bays. 

Comparison  of  the  results  of  grain  size  analyses  of  the  Balcombe  Clay  with 
those  of  recent  sediments,  similarly  shows  that  the  environment  of  deposition  was 
in  the  relatively  quiet  water  of  sheltered  bays,  or  in  the  open  sea  beyond  the  limit 
of  sand  deposits  (Inman  &  Chamberlain  1955,  Andel  &  Postma  1954). 
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Fauna  and  Stratigraphy 

The  Balcombe  Clay  is  noted  for  its  abundant  marine  fauna,  chiefly  of  Mollusca, 
Foraminifera,  and  other  microfossils,  but  including  Bryozoa,  sponges,  corals,  brachio- 
pods,  echinoids,  and  fish. 

For  purposes  of  stratigraphy,  only  the  first  two  groups  are  sufficiently  abundant 
and  have  been  sufficiently  studied  to  provide  a  suite  of  diagnostic  fossils.  The 
Foraminifera  are  treated  first  because  they  are  stratigraphically  better  known,  and 
sampling  is  relatively  easy.  Some  molluscs  (chiefly  Gasteropoda),  thought  to  be 
distinctive  of  the  Balcombian  and  Bairnsdalian  Stages,  are  then  listed.  The  siliceous 
sponge  remains  of  the  Daveys  Bay  outcrops  are  also  discussed. 

A.  Foraminifera: 

As  a  basis  for  comparison  with  other  fossiliferous  sections  of  the  Balcombe  Clay, 
the  thickest  and  most  complete  section  was  first  studied  in  detail.  This  section 
occurs  at  Locality  10,  S.  of  Manyung  Rocks. 

Introduction:  The  study  was  largely  restricted  to  analysis  of  the  stratigraphic 
distribution  of  certain  planktonic  Foraminifera  said  to  be  diagnostic  of  the  Bates- 
fordian,  Balcombian,  and  Bairnsdalian  Stages  in  Victorian  Tertiary  stratigraphy 
(Carter  1958,  1959).  These  Foraminifera  belong  to  the  evolutionary  sequence  of 
Orbulina  and  Biorbulina  (bioseries  I  and  II,  Blow  1956).  The  distribution  of  two 
other  forms,  namely  Globigerina  ciperoensis  and  Globigerinoides  rubra  was  also 
noted. 

It  must  be  pointed  out  that,  hitherto,  the  study  of  this  time  interval  has  been 
hampered  either  by  lack  of  a  complete  section  or  by  changes  in  environment  within 
a  section  as  indicated  by  the  facies.  At  this  locality,  however,  deposition  has  been 
continuous  from  probable  middle  Batesfordian  to  probable  late  Bairnsdalian  time. 
Deposition  was  also  confined  to  a  single  litho-facies  of  clayey  silts.  Sampling  was 
carried  out  directly  from  the  exposed  shore  platform,  or  by  auger  through  a  thin 
cover  of  beach  sand.  The  position  of  the  samples  is  accurately  recorded  in  the 
description  of  Section  10. 

Sample  Analysis:  Throughout  this  paper  the  concepts  of  species  used  are 
those  of  Blow  (1956).  The  ranges  of  the  significant  fossils  and  the  resulting  sub¬ 
divisions  into  Faunal  Units  are  those  of  Carter  (1959).  All  the  samples  analysed 
are  arranged  in  stratigraphic  order  and  positioned  to  scale  on  Table  2.  Figure  14 
is  likewise  drawn  to  scale  and  summarizes  the  information  available  on  the 
evolutionary  sequence  proposed  by  Blow  (1956),  in  relation  to  the  section  under 
discussion. 

Sample  4:  This  is  the  lowermost  fossiliferous  (calcareous)  sample  obtained  at 
Section  10A.  The  presence  of  Globigerinoides  bispherica,  G.  rubra,  Globigerina 
ciperoensis ,  and  the  absence  of  Astrononion  centroplax ,  indicate  that  the  fauna  is 
older  than  F.U.  10,  younger  than  F.U.  7,  and  probably  younger  than  F.U.  8.  Thus, 
it  appears  to  be  F.U.  9  (Batesfordian). 

Samples  6,  7,  8:  These  all  have  the  same  fauna  as  the  lowermost  sample,  but 
G.  ciperoensis  has  not  been  found  in  them.  Globigerinoides  glomerosa  and  G.  tran- 
sitoria  are  both  absent.  One  specimen  of  G.  bispherica  found  in  Sample  8  is  almost 
G.  transitoria.  All  these  samples  thus  appear  to  belong  to  F.U.  9. 

Sample  9:  This  sample  is  apparently  only  10  ft  higher  in  the  sequence,  yet  the 
fauna  recorded  include  abundant  specimens  of  G.  transitoria  and  many  specimens 
of  G.  glomerosa  and  Orbulina  suturalis.  It  is  interesting  to  note  that  the  entry  of 
these  forms  is  highlighted  by  their  abundance  and  may  indicate  a  rapid  population 
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increase  following  the  species’  evolution  out  of  the  G.  bispherica  stock.  The  boun¬ 
dary  between  F.U.  9  and  10  is  thus  taken  to  lie  somewhere  between  this  and  the 
preceding  sample. 


Fig.  14 — Stratigraphic  section  at  S.  of  Manyung  Rocks.  The  evolutionary  sequence 
proposed  by  Blow  is  drawn  in  relation  to  the  Balcombe  Clay  section.  Location  of 
foraminiferal  samples  are  shown  by  crosses. 

Sample  10:  This  has  a  fauna  similar  to  that  of  Sample  9,  but  no  G.  transitoria 
has  been  found  in  it,  and  only  one  specimen  of  O.  suturalis  occurs.  The  cause  for 
this  lack  of  specimens  is  not  fully  understood  but  an  analogous  situation  occurs  at 
Fossil  Beach  where  G.  transitoria  and  G.  glomerosa  occur,  but  O.  suturalis  is  absent. 

Sample  1 1 :  This  sample  contains  G.  transitoria  and  abundant  O.  suturalis.  Bior- 
bulina  bilobata  is  rare  and  belongs  to  the  early  form  as  figured  by  Blow  (ibid, 
p.  68).  This  is  the  equivalent  form  to  O.  suturalis  in  the  other  bioseries,  but  the 
situation  is  complex  as  indicated  by  the  cross-over  lines  on  the  evolutionary  diagram 
(see  discussion). 


Table  2 

Foraminifera :  Sample  Analysis 
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Sample  12:  O.  suturalis  occurs  in  abundance  and  includes  many  specimens 
whose  ultimate  chamber  envelops  more  of  the  preceding  chambers  than  was  seen 
in  specimens  from  Sample  11.  The  early  form  of  B.  bilobata  also  occurs,  along 
with  G.  glomerosa  circularis.  This  sample  is  still  typical  of  F.U.  10. 

Sample  12A:  This  sample  was  taken  only  11  ft  away  from  the  previous  sample. 
This  is  only  6  ft  higher  in  the  sequence  due  to  the  dip  on  the  beds.  Species  found 
are  those  listed  in  the  table.  Especially  noteworthy  is  the  first  appearance  of  a  few 
specimens  of  O.  universa  (thick  and  thin  shelled  forms). 

It  is  very  difficult  here  to  distinguish  O.  suturalis  from  O.  universa ,  seeing  that 
the  ultimate  chamber  of  the  suturalis-ioim  almost  completely  covers  the  previous 
chamber.  In  fact,  these  early  chambers  are  only  visible  by  outline  of  the  sutural 
pores.  The  above  change  in  the  form  of  O.  suturalis  occurs  gradually  and  is  char¬ 
acteristic  of  the  evolution  of  this  form. 

This  horizon  then,  marks  the  beginning  of  F.U.  11  (Bairnsdalian).  Many 
arenaceous  Foraminifera  are  also  present  here. 

Sample  12B:  This  is  another  5  ft  higher  in  the  sequence  and  has  O.  universa 
in  abundance.  B.  bilobata  is  still  the  early  form. 

Sample  13  and  the  Sample  10B/1  (near  the  top  of  this  sequence)  contain  an 
abundance  of  O.  universa .  O.  suturalis  still  occurs,  and  B.  bilobata  is  here  the  late 
form.  After  F.U.  1 1 ,  planktonic  Foraminifera  are  not  abundant  and,  therefore,  the 
uppermost  sample  is  probably  still  Bairnsdalian. 

Discussion:  Although  these  studies  have  been  somewhat  limited  in  scope,  the 
results,  nevertheless,  are  consistent  with  the  scheme  of  evolution  as  outlined  by 
Blow. 

Development  of  the  equivalent  forms  in  the  two  bioseries  appears  to  have  taken 
place  in  a  parallel  manner,  although  the  entry  of  Globigerinoides  glomerosa  relative 
to  that  of  Orbulina  suturalis  is  uncertain.  Further  work  with  closer  sampling  should 
show  the  complete  evolutionary  sequence.  Nevertheless,  it  became  apparent  from 
this  study  that  there  is  an  intermingling  of  forms  making  it  very  hard  taxonomically 
to  differentiate  any  of  these  species.  The  work  of  Belford  (1962)  has  further 
emphasized  this  difficulty.  Belford  studied  the  formation  of  O.  universa  and  of 
Biorbulina  bilobata.  His  thin  sections  reveal  that  certain  thick  shelled  forms  of 
Orbulina  universa  would  be  classified  as  O.  suturalis  after  the  formation  of  the 
initial  globular  chamber,  and  that  it  is  the  addition  of  subsequent  layers  to  this  shell 
that  obscures  and  then  completely  covers  the  trace  of  the  earlier  chambers.  Certain 
forms,  however,  are  said  to  be  of  the  universa- type  throughout. 

Belford  thus  points  out  that  O .  universa  may  be  either  a  true  O .  universa  or  an 
O.  suturalis  which  has  had  subsequent  external  layers  added  to  it.  However,  in 
areas  such  as  Trinidad  and  New  Zealand,  O.  suturalis  is  known  to  occur  well  before 
any  O.  universa  (Belford  1962,  p.  6).  This  is  also  seen  in  the  present  study  and, 
thus,  it  is  felt  that  this  overgrowth  occurs  only  in  the  very  late  forms  of  O .  suturalis , 
those  in  which  the  earlier  chambers  are  almost  completely  covered  up  by  the  final 
chamber.  This  overgrowth  stage  probably  occurs  contemporaneously  with  the  entry 
of  true  O.  universa ,  as  may  be  observed  in  Sample  12A  where  apparently  thin  and 
thick-shelled  O.  universa  forms  occur.  Certainly  the  next  overlying  sample  (only 
5  ft  up)  has  many  true  universa- types. 

Belford  does  not  give  orders  of  appearance  because  his  samples  lack  strati¬ 
graphic  continuity.  He  has  not  studied  a  complete  section  which  demonstrates  the 
morphotypic  sequence  outlined  by  Blow  and,  furthermore,  all  his  samples  appear 
to  have  come  from  the  highest  Faunal  Unit  here  described  (F.U.  11).  Seeing  that 
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the  entry  of  both  true  and  ‘obscured’  universa- types  appears  to  be  contemporaneous 
in  this  section,  the  entry  of  either  type  is  held  to  mark  the  base  of  F.U.  11  (Baims- 
dalian).  This  is  a  tentative  state  of  affairs  and  awaits  further  clarification. 

The  second  bioseries  of  Blow,  involving  Biorbulina  bilobata ,  is  more  difficult 
to  study  due  to  the  relative  lack  of  specimens.  In  all,  about  a  dozen  specimens  of 
this  form  were  found  in  samples  from  this  section.  The  lack  of  specimens  may 
have  led  Carter  (1959)  to  restrict  the  entry  of  B.  bilobata  to  F.U.  11  but,  as  is 
clear  from  the  faunal  list,  B.  bilobata  (early  form)  is  present  along  with  O.  suturalis 
and  well  before  O.  universa.  Blow  (1956,  p.  60),  however,  states  that  B.  bilobata 
aPPears  bef°re  e>ther  O.  suturalis  or  O.  universa.  Belford  (1962,  p.  8)  says  that 
bilobate  forms  develop  only  from  thick-walled  single-chambered  specimens  of  both 
suturalis  or  universa- type.  This  cannot  be  so  if  the  above  statement  by  Blow  is 
correct.  From  the  sections  illustrated  by  Belford,  however,  it  does  appear  that 
bilobate  forms  do  sometimes  develop  from  single-chambered  forms.  In  the  present 
study,  one  specimen  of  a  bilobate  form  was  found  with  the  second  chamber 
markedly  thinner  than  the  previous  chamber  indicating  this  addition.  Also  recorded 
were  some  forms  which  have  a  smaller  thin  additional  chamber  added  to  the 
standard  form  (e.g.  G.  bispherica) .  This  chamber  varies  widely  in  size  and  is  usually 
spheroidal.  Sometimes  it  is  oblate  or  irregular,  and  it  appears  only  on  the  thick- 
shelled  forms.  It  probably  enabled  the  individual  to  retain  buoyancy  as  suggested 
by  Belford. 

Conclusion:  It  thus  appears  from  the  work  of  Blow  and  Belford  that  O. 
universa  evolved  from  G.  bispherica,  and  that  there  are  morphotypic  variants  be¬ 
tween  these  two  species.  These  morphotypes  can  be  recognized,  appear  to  occur  in 
a  definite  time  sequence  and,  therefore,  are  of  stratigraphic  significance  in  the  section 
described.  Carter’s  Faunal  Units  9,  10,  and  11  are  based  on  this  evolutionary 
sequence,  and  the  establishment  of  these  Faunal  Units  is  thus  clearly  justified. 

Microfauna  in  Other  Sections: 

Fossil  Beach — 

A  large  list  of  Foraminifera  found  at  Fossil  Beach,  as  well  as  at  other  nearby 
areas,  was  published  in  three  parts  (Chapman  1907a,  Chapman  &  Parr  1926, 
Chapman  &  Collins  1934).  Carter  (1959)  records  certain  critical  forms  found  here, 
but  only  deals  with  the  surface  samples.  Core-samples  obtained  from  the  basal  7  ft 
of  the  Balcombe  Clay,  bed  17(g),  came  from  Bore  6,  Moorooduc,  and  were 
kindly  lent  for  study  by  the  Victorian  Mines  Department.  Of  the  diagnostic  species, 
only  G.  bispherica  and  a  couple  of  specimens  of  G.  transitoria  were  found.  Further¬ 
more,  many  forms  of  G.  bispherica  are  intermediate  between  itself  and  G.  transi¬ 
toria.  In  terms  of  Carter’s  Faunal  Units  this  appears  to  indicate  that  the  base  of 
the  Balcombian  type  section  is  indeed  very  low  in  F.U.  10. 

The  surface  sample,  as  recorded  by  Carter  (ibid.),  contains  G.  transitoria  and 
G.  glotnerosa  curva,  but  ‘O.  suturalis  has  not  been  found  at  Balcombe  Bay’.  In  the 
present  study  the  writer  has  tried  to  find  this  form  by  taking  as  stratigraphically 
high  a  sample  as  possible  in  the  calcareous  interval.  G.  transitoria  and  G.  bispherica 
are  the  only  significant  forms  that  occur  and  no  O.  suturalis  was  found.  As  there  is 
still  some  20  ft  of  overlying  leached  silt,  it  is  likely  that  G.  suturalis  may  be  present 
in  this  interval.  However,  there  may  be  other  reasons  for  its  apparent  absence. 
Nevertheless,  it  is  significant  to  note  that,  although  the  type  section  of  the  Bal¬ 
combian  Stage  (Singleton  1941)  includes  this  leached  interval,  Carter’s  definition 
of  F.U.  10  does  not,  and  is  only  partly  based  on  forms  in  the  underlying  calcareous 
beds.  Because  of  this  anomaly  (which  applies  similarly  to  the  macrofauna),  it  may 
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be  advisable  to  redefine  the  Balcombian  Stage  so  as  to  exclude  this  leached  interval. 
In  this  paper,  however,  the  Balcombian  Stage  is  taken  to  be  synonymous  with 
Faunal  Unit  10  as  defined  by  Carter. 

Foraminifera  have  also  been  found  in  the  non-calcareous  clayey  silt,  on  the 
upthrown  side  of  the  fault,  S.  of  Fossil  Beach  [bed  18(g)].  Washings  of  this  silt 
reveal  opaline  moulds  of  Foraminifera  making  accurate  determination  of  species 
impossible.  This  is  especially  so  with  regard  to  Orbulina  sp.  which  appears  to  be 
present  along  with  other  Globigerinidae. 

Grices  Ck — 

Upstream  Section  (8A) :  A  sample  obtained  from  the  base  of  this  section  con¬ 
tained  the  following  forms:  O.  suturalis,  B.  bilobata,  G.  transitoria ,  and  G.  bis¬ 
pherica.  Another  sample  from  within  a  few  feet  of  the  top  of  this  section  contained: 
O.  suturalis,  B.  bilobata  (early  form,  Blow),  G.  transitoria ,  and  G.  bispherica.  Thus 
all  this  section  is  Balcombian  (F.U.  10)  in  age. 

Downstream  Section  (8B):  A  sample  obtained  from  the  base  of  this  section 
contained:  O.  universa  which  was  not  abundant,  O.  suturalis  (abundant),  G. 
glomerosa  (?),  and  G.  bisperica.  Thus,  it  is  of  probable  early  Bairnsdalian  (F.U. 
11)  age. 

A  further  sample  was  taken  at  sea  level,  just  N.  of  the  Ansett  pier,  about 
200  yds  S.  along  the  coast  from  Grices  Ck.  It  contained  O.  suturalis,  B.  bilobata, 
G.  transitoria ,  and  various  forms  of  G.  glomerosa.  These  indicate  a  Balcombian 
(F.U.  10)  age. 

The  presence  of  Balcombian  strata  along  this  part  of  the  coast  explains  the 
hitherto  puzzling  presence  of  ‘Fossil  Beach-type’  macrofossils  in  old  collections  from 
this  area. 

Dennant  Ck — 

Upstream  Section  (7A):  A  sample  obtained  from  this  locality  contained  G. 
transitoria  and  G.  bispherica.  No  O.  suturalis  could  be  found,  hence  the  strata  at 
this  locality  are  early  Balcombian  (F.U.  10)  in  age. 

Downstream  Section  (7B):  A  sample  from  the  calcareous  silt  at  this  locality 
contained  O.  suturalis  and  G.  bispherica ,  indicating  a  Balcombian  (F.U.  10)  age. 

Seeing  that  this  exposure  is  some  30  yds  upstream  from  the  rest  of  the  measured 
section  (7B),  O.  universa ,  indicating  a  Bairnsdalian  (F.U.  11)  age,  may  be  present 
in  this  covered  interval. 

B.  Diagnostic  Moi.lusca: 

Having  established  the  stage  chronology  of  the  outcrops  according  to  the 
Foraminifera,  it  remained  to  be  seen  how  far  the  Mollusca  could  be  used  for  stage 
identification. 

Because  the  proved  Batesfordian  outcrop  is  restricted  in  exposure  (base  of 
Section  10A),  the  macrofauna  obtained  from  it  is  insufficient  as  yet  in  quantity 
to  be  of  stratigraphic  use.  Hence,  only  the  Balcombian  and  Bairnsdalian  Mollusca 
are  compared.  It  must  be  noted  that  the  large  faunal  list  of  Hall  &  Pritchard 
(1901)  is  accurate  for  the  Fossil  Beach  outcrop  (Balcombian),  but  the  list  for 
Grices  Ck  contains  a  mixed  Bairnsdalian-Balcombian  assemblage. 

The  material  used  was  that  collected  during  the  current  field  work,  supplemented 
by  other  collections,  only  where  the  specific  locality  had  been  noted.  These  collec¬ 
tions  were  those  of  T.  A.  Darragh  (pers.),  and  of  Cudmore  (Nat.  Mus.  Viet.). 
The  Mollusca  were  determined  by  T.  A.  Darragh  (Geology  Dept,  University  of 
Melbourne). 
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Only  some  of  the  common  and  distinctive  forms  are  shown  in  Table  3.  The 
six  major  localities  are  arranged  in  stratigraphic  order  from  right  to  left,  based  on 
foraminiferal  studies  and  field  relationships.  Fossils  collected  from  the  section 
S.  of  Manyung  Rocks  came  from  bed  10B(a). 

Examination  of  this  table  shows  that  there  are  a  sufficient  number  of  forms 
distinctive  of  either  the  Balcombian  or  the  Bairnsdalian  stages  to  be  useful  for 
correlation  purposes. 


Table  3 
Mollusca 


Locality  : 

S.  of 

Manyung 

Rocks 

Grices  Creek 

Dennant 

Creek 

Fossil  Beach 

Landslip 

Point 

Dnst. 

Upst. 

Dnst. 

Upst. 

Section  No. 

10B 

8B 

8A 

7B 

7A 

17 

2 

Area  capulopsis  (Pritchard)  . . 

IP 

Turritella  aflf.  T.  adelaidensis 

(Cotton  &  Woods) . 

X 

up 

Mur  ex  lophoessus  (Tate) 

X 

? 

M.  sp.  nov.  aff.  M.  lophoessus  (Tate) 

X 

X 

Typhis  sp.  nov.  alT.  T.  maccoyi 

(Tenison  Woods) . 

X 

X 

Columbarium  foliaceum  (Tate) 

X 

X 

X 

C.  craspedotum  (Tate)  . . 

X 

X 

X 

C.  sp.  nov.  aff.  C.  craspedotum  (Tate) 

scabrose  type  . . 

X 

up 

C.  sp.  nov.  aff.  C.  craspedotum  (Tate) 

non  -scabrose  type . 

r 

c 

Zemira  praecursoria  (Tate) 

X 

X 

Tunis  septemlirata  (Harris)  . . 

c 

c 

vr 

Micantapex  decompositus  (Tate)  s.l.  . . 

X 

X 

up 

M.  perarmatus  (Powell) 

X 

X 

M.  rhomboidalts  (Tenison  Woods)  s.s. 

X 

X 

X 

Conus  dennanti  (Tate) . 

X 

C.  ligatus  (Tate)  . 

X 

Austrovoluta  antiscalaris 

antiscalaris  ( McCoy) . 

?s 

X 

X 

X 

A.  antiscalaris  levior  (McCoy) 

X 

X 

Nannamoria  absida  (Cotton)  . . 

X 

Faunal  Unit  (Carter): 

11 

11 

10 

10 

10 

10 

Stage: 

Bairnsdalian 

Balcombian 

Key 


X  =  present 

?  =  Determination  uncertain 
?s  =  specimens  not  in  situ 
c  =  common 
r  =  rare 
vr  =  very  rare 
up  =  upper  part  of  section 
lp  =  lower  part  of  section 
Upst.  =  upstream  section 
Dnst.  =  downstream  section 
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C.  Siliceous  Sponges: 

The  fossils  at  Locality  5  (Daveys  Bay)  include  small  sponges,  mostly  in  a 
single  horizon  near  the  base  of  bed  5(a),  and  scattered  siliceous  sponge  spicules. 


Fig.  15 — Siliceous  Sponge  Spicules  in  the  Balcombe  Clay  and  probable 
weathered  equivalents. 


Type 

Fig. 

Sample 

1 

2 

3 

Oxea  (fusiform)  . .  . 

1 

X 

X 

X 

Oxea  (fusiform)  . . 

2 

X 

X 

Protriaene 

3 

X 

1  sp 

X 

Protriaene 

4 

X 

X 

X 

Dichotriaene 

5 

X 

X 

X 

Dichotriaene 

6 

X 

X 

X 

Anatriaene 

7 

1  sp 

Dichotriaene  (with  short  shaft) 

8 

X 

X 

X 

Calthrops  . . 

9 

X 

X 

X 

Triad  (regular)  . .  . .  . .  . .  .  % 

10 

1  sp 

Triaene  (?)  and  similar  irregular  forms 

11 

X 

X 

X  ‘ 

Calthrops  (?)  and  similar  irregular  forms 

12 

X 

X 

X 

Euaster  (oxyaster)  . 

13 

X 

X 

Sample: 

1  =  Dennant  Ck — Section  7B,  bed  (a)  30  yds  upstream. 

2  =  Daveys  Bay — Locality  4. 

3  =  Daveys  Bay — Section  5,  bed  (a). 
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Various  burrows  are  present,  but  other  fossils  have  not  been  found.  A  short  note 
by  Kitson  (1900,  p.  10)  on  the  presence  of  lamellibranch  casts  in  a  yellow  plastic 
clay  at  Wallace  Bay  (=  Daveys  Bay)  probably  refers  to  this  exposure. 

Several  types  of  sponge  spicules  found  in  the  Balcombe  Clay  at  Dennant  Ck 
are  shown  in  Fig.  15.  Comparison  with  spicules  obtained  from  both  the  Daveys 
Bay  outcrops,  shows  a  clear  similarity,  thus  providing  further  evidence  that  these 
outcrops  represent  leached  parts  of  the  Balcombe  Clay. 

Most  spicules  are  fresh  and  do  not  show  signs  of  reworking.  Specific  deter¬ 
mination  of  the  sponges  was  not  made  but  some  of  the  spicules  may  belong  to  the 
Tertiary  sponge  Ecionema  newberyi  (McCoy  1877),  figured  Chapman  1907b, 
PI.  18.  The  sponges  from  bed  5(a)  are  irregular  to  cylindrical  in  shape,  fragments 
are  usually  less  than  1"  long,  with  a  diameter  of  A"  to  i'\  They  are  composed  of 
an  irregular  network  of  clear,  smooth  to  rough,  and  generally  irregular  type-12 
spicules  (see  diagram).  Other  remains  consist  of  bunches  of  oxeas  and  rare  triaenes. 

Summary  of  the  Stratigraphy  and  Depositional  Environment 

of  the  Balcombe  Clay 

Analysis  of  diagnostic  Foraminifera  has  enabled  Carter’s  Faunal  Units,  and  hence 
the  Tertiary  Stages,  to  be  determined  for  all  calcareous  outcrops  of  the  Balcombe 
Clay.  Certain  Mollusca  have  been  similarly  useful  in  this  regard,  especially  in  the 
case  of  the  non-calcareous  ferruginous  outcrop  at  Landslip  Point.  In  other  non- 
calcareous  portions  of  this  formation,  such  as  at  Daveys  Bay,  the  presence  of 
comparable  siliceous  sponge  remains  has  aided  in  identification  of  the  unit. 

All  the  available  data  on  the  age  of  the  Balcombe  Clay  outcrops  are  sum¬ 
marized  in  a  Correlation  Chart  (Fig.  16).  The  outcrops  are  arranged  in  order 
from  Frankston,  S.  to  Fossil  Beach.  It  is  unfortunate  that  the  precise  Stage  of  the 
Landslip  Point  outcrop  cannot  be  determined,  as  this  would  indicate  when  the 
deeper  water  facies  of  clayey  silts  began  to  be  deposited  here.  The  base  of  the 
Balcombe  Clay  has  been  dated  only  at  the  sections  S.  of  Manyung  Rocks  and  Fossil 
Bach.  From  these  it  is  apparent  that  deeper  water  existed  in  the  Grices  Ck  area 
concurrent  with  sub-littoral  and  fluviatile  conditions  at  Fossil  Beach.  This  phase 
was  followed  by  a  more  widespread  submergence  during  the  Balcombian. 

The  textural,  structural,  and  faunal  studies  have  shown  that  the  Balcombe  Clay 
was  deposited  in  relatively  quiet  marine  waters,  either  on  the  open  shelf  beyond 
the  limit  of  sand  deposits  (including  calcarenites),  or  sheltered  behind  land  barriers, 
but  with  access  to  the  sea. 

The  extensive  nature  of  the  Balcombe  Clay  and  equivalent  formations  at  Geelong 
and  Western  Port  (Fig.  22),  the  presence  of  calcarenites  and  sandy  facies  towards 
the  shoreline  (e.g.  Bowler  1963,  Fig.  13;  Jenkin  1962,  Fig.  3),  and  the  lack  of 
evidence  regarding  any  extensive  land  barrier,  strongly  suggest  that  deposition  of 
this  formation  was  on  the  open  shelf. 

Marina  Cove  Sand 

Although  sediments  of  this  formation  have  been  generally  regarded  as  forming 
part  of  the  Baxter  Sandstones,  the  characteristic  lithology  and  widespread  nature 
of  this  unit  justifies  its  formational  status. 

It  consists  of  a  very  well  sorted,  very  fine  sand  overlying  the  Balcombe  Clay, 
and  underlying  the  poorly  sorted  and  generally  coarse  sands  of  the  Baxter  Sand¬ 
stones.  Several  good  exposures  of  this  formation  are  available  in  the  Mornington 
District,  but  beds  17 (r)  and  (s)  at  Fossil  Beach  may  be  taken  as  representative 
(Cranbourne,  1  mile,  072845).  These  are  the  same  beds  as  Singleton’s  bed  (1) 
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Fig.  16 — Correlation  chart  of  the  Balcombe  Clay  in  the  Mornington  District. 


(1941,  p.  27).  The  name  is  taken  from  a  small  bay,  Marina  Cove,  situated  i  mile 
N.  of  Fossil  Beach. 

The  Marina  Cove  Sand  extends  from  near  Mt  Martha,  bed  21  (f),  N.  to  Daveys 
Bay,  bed  5(b).  Lack  of  suitable  exposures  prevents  its  actual  extent  being  known, 
and  it  has  not  been  definitely  identified  in  the  boring  records.  A  possible  equivalent 
is  a  fossiliferous  fine  sand  bed  at  Warneet,  14  miles  E.  of  Mornington  (Jenkin 
1962,  p.  47)  which  overlies  the  ?Sherwood  Marl  (equivalent  to  the  Balcombe 
Clay).  The  Marina  Cove  Sand  varies  from  2  ft  thick  at  Section  21,  to  17  ft  thick 
at  Marina  Cove,  beds  15(b)  and  (c),  and  is  generally  5  to  10  ft  thick. 

Lithology 

The  lithology  of  the  Marina  Cove  Sand  is  characteristically  uniform,  consisting 
of  yellow  or  varicoloured  very  fine  sand.  It  is  generally  friable,  but  is  occasionally 
cemented  by  limonite,  or  held  firm  by  clay.  The  base  of  the  unit  sometimes  contains 
small  pellets  of  clay  and  rare  grains  of  coarser  sand,  possibly  indicating  a  slight 
disconformity,  e.g.  beds  9(e),  15(b),  17(r).  The  uppermost  foot  of  the  unit  may 
also  have  similar  characteristics.  Gentle  cross-bedding  may  be  present  but  is  difficult 
to  distinguish  from  secondary  limonite  stains.  At  Manyung  Rocks,  bed  9(f) 
contains  moulds  of  molluscs  and  echinoids  which  occur  in  well  defined  horizontal 
planes.  The  orientation  of  the  lamellibranchs  is  mainly  concave  up.  The  carbonate 
originally  present  within  this  sediment  has  been  removed  by  later  acid  conditions 
which  accompanied  the  ferruginization. 

Grain  size  analyses  on  several  samples  of  this  formation  have  been  done,  and 
results  are  shown  in  Fig.  17  and  18.  Representative  grain  size  parameters  are  found 
in  Table  4.  The  proportion  of  silt  and  clay  is  variable,  and  may  be  as  high  as 
33%.  Usually  it  is  about  25%.  Much  of  it  is  either  in  the  very  coarse  silt  grade, 
immediately  beyond  the  sieve  limit  (64  p)  or  exists  as  mud  pellets  (?  faecal). 
Some  of  this  fraction,  however,  is  thought  to  have  been  introduced  by  leaching. 
Such  non-detrital  mud,  and  the  presence  of  limonitic  aggregates,  creates  the  poor 
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sorting  effect  at  either  end  of  the  cumulative  curves.  Statistical  parameters,  such  as 
those  using  the  95th  percentile,  cannot  be  determined.  For  this  reason  the  result  of 
bed  6(b),  with  virtually  no  aggregates,  has  been  recalculated  to  sand  =100%,  and 
the  parameters  for  this  are  shown  in  Table  4. 

Allowing  for  the  presence  of  aggregates  and  mud,  the  results  of  the  size  analyses 
show  the  sediment  to  consist  of  a  very  well  sorted,  very  fine  sand  (average  mean 
3-7*). 

The  mineralogy  is  predominantly  quartz,  but  a  few  pale  mica  flakes  and  rare 
weathered  felspar  grains  are  present.  Heavy  minerals  are  mainly  tourmaline,  zircon, 
and  ilmenite.  Some  irregular  rounded  grains  of  a  goethite  aggregate  occur,  probably 
formed  by  oxidation  of  glauconite  pellets  (which  they  resemble). 

Most  quartz  grains  are  equant,  angular  to  sub-rounded,  but  the  larger  grains 
are  very  angular  and  usually  bladed  or  tabular  in  shape.  The  quartz  may  be  clear  or 
‘milky’  with  numerous  minute  inclusions.  Only  a  few  grains  show  strain  extinction. 

The  source  of  the  sediment  is  thus  from  a  variety  of  rock  types  including 
granites,  metamorphics  and  older  sediments. 

Fauna  and  Age 

Apart  from  ferruginized  worm  burrows,  fossils  are  rare  in  the  Marina  Cove  Sand. 
Bed  9(f)  at  Manyung  Rocks  contains  other  recognizable  remains  including  several 
species  of  lamellibranchs,  some  monostychiids,  and  rare  gasteropods. 

Deposition  of  the  Marina  Cove  Sand  closely  followed  that  of  the  Balcombe 
Clay.  Thus,  it  is  of  Bairnsdalian  to  Mitchellian  age.  The  restricted  fauna,  influenced 
by  the  environment,  does  not  enable  any  more  definite  determinations  to  be  made. 

Environment  of  Deposition 

The  fine  grade,  good  sorting,  and  the  fauna  indicate  a  marine  environment  of 
deposition.  Compared  with  the  underlying  clayey  silts,  the  deposition  of  the  sand 
implies  an  increase  in  the  energy  of  the  environment  which  enabled  the  removal  of 
the  finer  fraction  into  deeper  water.  The  lack  of  coarser  sands  probably  indicates 
a  considerable  distance  from  the  shore,  and  orientation  of  the  lamellibranchs  simi¬ 
larly  shows  that  conditions  were  by  no  means  vigorous.  The  very  good  sorting, 
however,  does  indicate  a  considerable  period  of  reworking  of  the  sand  which  would 
have  occurred  in  the  region  above  wave  base  (probably  less  than  7  fathoms). 

Comparison  with  recent  sediments  (Inman  &  Chamberlain  1955,  Friedman 
1962)  substantiates  the  above  conclusions.  The  Marina  Cove  Sand  is  rather  fine 
for  a  littoral  deposit,  and  belongs  to  a  very  well  sorted  Type  II  sediment  which 
occurs  in  the  shallow  water  shelf  region  (Inman  &  Chamberlain  ibid.). 

Relationship  of  this  Formation  to  the  Tertiary  Cycle  of  Deposition 

The  marine  regression  which  probably  began  during  the  deposition  of  the  upper 
parts  of  the  Balcombe  Clay,  was  intensified  during  the  deposition  of  the  Marina 
Cove  Sand,  and  reached  its  culmination  in  the  fluviatile  deposits  of  the  overlying 
Baxter  Sandstones. 

Baxter  Sandstones 

The  Baxter  Sandstones  have  been  defined  by  Keble  (1950,  p.  41)  as  ‘the 
Tertiary  fluviatile  ferruginous  sandstones’  covering  most  of  the  central  and  northern 
parts  of  the  Momington  Peninsula.  A  section  illustrating  this  formation  was  given. 
It  occurs  in  a  road-cutting  some  distance  inland  from  Mornington,  but  is  unsatis¬ 
factory  because  its  limits  are  undefined. 
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Along  the  coast,  however,  many  good  sections  of  the  Baxter  Sandstones  are 
exposed,  the  basal  limit  of  which  can  be  clearly  defined  as  the  first  entry  of  abundant 
coarse  sand  overlying  the  Marina  Cove  Sand.  A  typical  exposure  may  be  seen  at 
Section  16,  about  i  mile  N.  of  Fossil  Beach  (Cranboume,  1  mile,  072852),  where 
beds  16(c)  to  (i)  represent  the  Baxter  Sandstones. 

It  is  proposed  to  tentatively  define  the  top  of  the  Baxter  Sandstones  as  the 
upper  limit  of  ferruginization  of  these  deposits.  It  is  realized  that  this  limit  need 
not  represent  a  true  stratigraphic  boundary,  but  this  definition  provides  some  type 
of  upper  limit  which  can  be  used  in  mapping  and  stratigraphic  studies. 

Extent  and  Thickness 

In  the  Mornington  District,  Baxter  Sandstones  are  widespread,  and  usually 
overlie  the  Marina  Cove  Sand.  Although  undisturbed  exposures  are  lacking,  it 
appears  that  part  of  the  Baxter  Sandstones  is  unconformable  with  older  formations, 
e.g.  at  Section  2  (Landslip  Point),  Section  11,  and  overlying  granite  on  the  south 
of  Section  10. 

Identification  of  inland  ferruginous  sands  is  difficult  because  tectonic  activity 
(as  on  the  Manyung  Fault)  is  known  to  have  exposed  early  Tertiary  fluviatile 
sediments  to  the  effects  of  ferruginization.  These  sediments  have  a  similar  lithology 
to  the  Baxter  Sandstones  so  that,  where  characteristic  intervening  units  (e.g.  the 
Balcombe  Clay)  are  absent,  the  identity  of  the  sands  is  uncertain.  Thus,  the  fer¬ 
ruginous  sands  which  overlie  the  Palaeozoic  basement  in  the  central  and  northern 
parts  of  the  Mornington  Peninsula  may  be  part  of  the  Baxter  Sandstones,  or  may 
be  ferruginous  equivalents  of  considerably  older  strata. 

Along  the  coast  the  thickness  of  the  Baxter  Sandstones  is  usually  40  ft  but  may 
be  considerably  thicker  in  the  region  between  Grices  Ck  and  Pelican  Point.  In  this 
area  the  sequence  appears  to  be  broadly  folded,  possibly  due  to  uneven  displace¬ 
ment  along  the  Manyung  Fault.  The  dips  on  the  major  bedding  planes  are  shown  on 
Fig.  4.  Between  Canadian  Bay  and  Pelican  Point  a  general  southerly  dip  occurs,  but 
the  dips  measured  are  probably  those  of  initially  inclined  beds,  seeing  that  a  constant 
dip  of  10°  over  this  interval  would  indicate  a  rather  improbable  thickness  of  1,000  ft 
of  Baxter  Sandstones,  whereas  a  maximum  of  80  ft  is  expected. 

Lithology 

The  Baxter  Sandstones  consist  mainly  of  coarse,  moderately  to  poorly  sorted 
sands,  with  variable  amounts  of  gravel,  finer  sands,  and  clay.  The  sands  are  cross- 
bedded  in  discontinuous  layers  but  a  general  sequence  may  be  discerned: 

The  basal  bed  of  the  Baxter  Sandstones  consists  of  coarse  to  very  coarse  sands  with 
some  gravel,  e.g.  beds  15(d),  16(c),  17 (t) .  Its  lower  contact  gives  the  appearance  of 
being  scoured  into  the  underlying  unit,  although  post-depositional  deformation  may  have 
occurred. 

This  basal  bed  may  be  overlain  by  several  feet  of  poorly  sorted  fine  sands  with 
cross-bedded  coarse  sands,  e.g.  beds  7B(c),  15(e),  16(d),  to  (f). 

This  unit  is  in  turn  succeeded  by  the  main  thickness  of  coarse  to  very  coarse  sands, 
cross-bedded,  and  interbedded  with  clayey  sands  and  sandy  clays.  The  upper  part  of  the 
Baxter  Sandstones  is  usually  finer  in  texture  and  overlain  by  buckshot  gravel,  e.g.  beds 
7B(d),  10B(d)  in  part,  13(b)  and  (c)  in  part,  16(g)  to  (i),  20(f)  to  (h)  in  part. 

Good  exposures  of  the  Baxter  Sandstones  usually  show  cross-stratification  with 
sets  of  cross  strata  from  a  few  inches  up  to  a  foot  thick.  High  angle  (20°)  planar, 
and  trough  cross-bedding  is  most  common.  Very  similar  cross-bedding  occurs  in 
recent  fluviatile  sands  (e.g.  Lane  1963,  Harms  et  al.  1963).  Results  of  grain  size 
analyses  of  the  Baxter  Sandstones  are  shown  in  Fig.  19,  20.  Representative  para- 
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meters  are  listed  in  Table  4.  The  clay  and  silt  fraction  is  usually  about  10%  but 
reaches  29%  in  the  sample  from  bed  10B(d).  This  high  proportion  is  thought 
to  have  been  mainly  derived  from  the  weathering  of  felspar  in  the  original  sediment, 
seeing  that  partially  weathered  felspar  grains  are  often  present  Some  of  the  analyses 
have  been  recalculated  to  sand  =100%,  and  the  parameters  are  shown  in  the  same 
table.  Most  of  the  analyses  were  done  on  the  less  altered,  coarser  beds  near  the 
base  of  the  unit,  but  Fig.  20A  shows  the  result  obtained  from  the  cross-bedded 
coarse  and  fine  sands  overlying  the  lowest  coarse  sand  horizon.  Bed  22(d)  is  not 
ferruginous  and  it  may  represent  fluviatile  sediments  younger  than  the  Baxter 
Sandstones  (size  anal.  Fig.  20C). 

The  mineralogy  of  the  Baxter  Sandstones  is  predominantly  of  clear  quartz  with 
minor  amounts  of  chert  and  quartzite.  Felspar  occurs  in  small  and  variable  amounts 
and  is  usually  altered  to  clay.  Much  of  this  felspar  did  not  withstand  the  strong 
disaggregating  treatment  in  preparation  for  the  size  analysis,  so  that  the  silt  4-  clay 
percentage  has  correspondingly  increased.  Compound  grains  of  quartz  and  felspar 
also  occur.  Gas  and  other  inclusions  are  common  in  the  quartz,  which  rarely  shows 
strain  extinction. 

Heavy  minerals  consist  mainly  of  ilmenite,  zircon,  rutile,  and  tourmaline;  biotite 
is  present. 

The  quartz  grains  show  varying  degrees  of  roundness.  Some  are  rounded,  lightly 
frosted  and  pitted,  whereas  most  are  sub-rounded  to  sub-angular,  usually  clear  and 
with  fresh  surfaces  and  re-entrants. 

Flora  and  Age 

Although  a  large  number  of  exposures  of  the  Baxter  Sandstones  were  studied, 
the  only  fossils  found  were  those  of  ferruginized  wood.  Several  pieces  and  logs  of 
wood  occur  on  the  SW.  side  of  Fisherman  Point,  and  at  the  N.  end  of  Ranelagh 
Beach.  A  sample  from  the  latter  exposure  was  identified  by  Mr  A.  A.  Baker 
(Geology  Dept,  University  of  Melbourne)  as  probably  Banksia  sp.  (MUGD  No. 
3532). 

Lack  of  suitable  fossils  in  the  Baxter  Sandstones  does  not  enable  an  accurate 
age  determination  to  be  made  on  these  deposits.  Since  there  does  not  appear  to 
have  been  any  widespread  and  intense  ferruginization  in  Victoria  after  the  Chelten- 
hamian,  and  seeing  that  these  deposits  are  probably  younger  than  the  Bairnsdalian, 
it  is  considered  that  they  are  of  Mitchellian  to  Cheltenhamian  age. 

Origin 

The  coarse  poorly  sorted  texture,  steep  cross-bcdding,  and  flora  of  the  Baxter 
Sandstones  indicate  a  fluviatile  environment  of  deposition.  Comparison  of  the  size 
distributions  with  those  from  modern  sediments  also  shows  its  similarity  with  river 
deposits  (Friedman  1962). 

The  distinct  entry  of  coarse  sands  that  marks  the  base  of  this  formation 
suggests  that  the  shallow  water  marine  conditions,  prevailing  during  the  deposition 
of  the  Marina  Cove  Sand,  changed  rapidly  into  vigorous  fluviatile  conditions  prob¬ 
ably  as  a  result  of  inland  tectonic  activity.  The  uplifted  older  sediments  and 
partially  weathered  granites  provided  the  source  material. 

Ferruginization 

The  work  of  Wilkins  (1962)  on  some  Tertiary  sediments  of  Gippsland  has 
shown  that  the  strongly  ferruginous  nature  characterizing  the  ‘Moitun  Creek  Beds’ 
is  not  a  sedimentary  feature,  but  one  brought  about  by  surface  leaching  and  ‘soil’ 
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Table  4 

Representative  Grain  Size  Parameters 
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0*12 

0*73 

22(d)  . . 

2*42 

0*76 

-0*03 

_ 

2*43 

_ 

R.22(d)  .. 

2*21 

0*61 

-0*13 

0-8 

2*23 

0*63 

R  =  Recalculated  to  sand  =  100%. 

formation  during  the  late  Tertiary.  Much  of  the  Mornington  Peninsula  shows 
evidence  for  a  similar  phase  of  widespread  leaching  and  ferruginization  following 
the  deposition  of  the  Baxter  Sandstones.  Thus,  we  find  weathered  and  ferruginous 
granite  at  Mt  Eliza,  and  ferruginous  Ordovician  sediments  farther  inland;  ferrug¬ 
inous  basalt  near  Mt  Martha  (Locality  23),  and  early  Tertiary  sediments  at  Landslip 
Point,  bed  2(c),  and  probably  at  Locality  12;  ferruginous  and  fossiliferous  Bal- 
combe  Clay  equivalents  at  Landslip  Point,  bed  2(g),  at  Grices  Ck,  and  at  Watsons 
Ck  (details  under  ‘Balcombe  Clay’);  and  the  leached  and  ferruginous  Marina  Cove 
Sand  and  Baxter  Sandstones. 

Ferruginization  within  the  last  two  units  is  especially  conspicuous  along  the 
coastal  section  in  the  Mornington  District.  The  acid  leaching  which  accompanied 
the  alteration  extended  down  to  include  the  upper  part  of  the  Balcombe  Clay,  thus 
removing  all  the  carbonate. 

Origin 

The  presence  of  ferruginous  but  friable  sediments  in  bores,  and  in  fresh  ex¬ 
posures  (e.g.  road  cuttings)  indicates  that  the  process  of  lithification  of  these  rocks 
is  due  to  atmospheric  exposure.  This  may  be  related  to  partial  dehydration  of  ferric 
hydroxides  giving  a  firm  limonitic  clay  bond  forming  the  ironstone. 

The  iron  has  been  derived  from  the  intense  weathering  of  detrita!  iron  bearing 
minerals,  and  especially  from  the  iron  ore  minerals,  although  there  is  no  evidence 
to  suggest  a  greater  abundance  of  these  in  the  more  ferruginous  parts  of  the 
sediment.  The  ferruginization  is  clearly  seen  to  cross  lithological  boundaries  and 
its  position  has  probably  been  controlled  by  the  proximity  of  the  surface  of  weather¬ 
ing.  The  sediments  may  be  generally  termed  lateritic,  but  the  term  laterite  should 
not  be  used  in  view  of  the  dissimilar  nature  of  the  profile.  In  the  Mornington 
District,  there  is  no  evidence  to  indicate  any  ferruginization  prior  to  the  late 
Tertiary,  after  the  deposition  of  the  Baxter  Sandstones. 

Late-Tertiary  Non-Ferruginous  Sediments 

Following  the  deposition  of  the  Baxter  Sandstones  and  the  period  of  widespread 
ferruginization,  the  only  deposits  of  probable  Tertiary  age  in  the  Mornington 
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Fig.  17-20 — Grain  size  distribution  graphs. 

Key: 

Fig.  17— Graph  A— bed  6(b);  B— bed  7B(b);  C— bed  10B(c);  D— bed  9(f);  E— bed  9(g). 
Fig.  18— Graph  A— bed  17 (s);  B— bed  19(e). 

Fig.  19— Graph  A— bed  7B(d);  B— bed  10B(d),  T  from  base;  C— bed  17(t);  D— bed 
20(f). 

Fig.  20 — Graph  A — equivalent  to  bed  16  (d),  100  yds  S.  of  Section  16;  B — equivalent  to 
bed  16(e),  100  yds  S.  of  Section  16;  C — bed  22(d),  base  of  exposed  part. 
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District  occur  in  a  restricted  coastal  exposure  near  Mt  Martha.  They  consist  of 
unfossiliferous,  poorly  sorted,  grey  clayey  sands  overlying  the  buckshot  gravel 
horizon  or  other  ferruginous  sands.  They  are  probably  of  fluviatile  origin  and  have 
been  recorded  as  beds  20(j),  21  (i),  and  ?  22(d). 

Structure 

The  structure  of  the  Tertiary  strata  along  the  coast  of  the  Mornington  District 
has  been  previously  mentioned  in  the  description  of  the  measured  sections.  Details 
regarding  these  and  inland  structures  are  presented  here. 

The  principal  structures  are  normal  faults,  and  these  may  be  accompanied  by 
folding  or  warping  of  the  strata  due  to  drag  on  the  fault  plane,  or  to  a  varying 
displacement  along  the  strike  of  the  fault. 

1.  Manyung  Fault 

This  extends  from  Frankston  down  to  Locality  10,  S.  of  Manyung  Rocks.  It 
has  an  average  strike  of  35°T  (true  bearing)  and  is  downthrown  to  the  NW.  Its 
direction  may  be  related  to  major  joint  systems  in  the  granite  and  possibly  in  the 
Palaeozoic  bedrock,  seeing  that  it  is  parallel  with  the  granitic  contact  at  Mt  Eliza 
(Fig.  4).  At  Locality  3,  near  Frankston,  the  lower  Tertiary  basalt  can  be  seen 
faulted  against  the  granite  with  a  total  displacement  of  probably  less  than  100  ft 
(Fig.  2)  but,  because  of  the  southern  dip  on  the  downthrown  side,  the  total  displace¬ 
ment  at  Daveys  Bay  is  thought  to  be  much  greater.  The  complete  succession  at  this 
locality  and  the  actual  throw  on  the  Manyung  Fault  will  be  known  only  when  a 
bore  is  sunk  in  the  vicinity  of  Davey  Point. 

At  Dennant  and  Grices  Creeks,  the  Balcombe  Clay  is  downfaulted  against  the 
basalt.  A  similar  relationship  but  with  a  complete  sequence  can  be  seen  S.  of 
Manyung  Rocks,  where  severe  drag  on  the  downthrown  beds  has  virtually  created 
a  monocline.  The  total  throw  in  this  area  is  about  300  ft,  with  both  sides  of  the 
structure  showing  a  backtilt. 

Because  the  granite  on  the  upthrown  side  is  unconformably  overlain  by  the 
Baxter  Sandstones,  movement  along  the  Manyung  Fault  probably  occurred  during 
their  deposition  (i.e.  in  the  late  Miocene). 

2.  The  Moorooduc  Scarp 

Inland  from  the  Frankston-Manyung  Rocks  coastline,  the  land  surface  rises 
slowly  to  some  500  ft  above  sea  level,  then  falls  steeply  to  less  than  200  ft  along 
a  scarp  striking  NE.  from  the  Mt  Eliza  summit.  Keble  (1950,  p.  54  and  62) 
described  this  physiographic  feature  as  a  ‘contact  ridge’,  which  is  ‘a  ridge  sur¬ 
rounding  the  granitic  intrusions  due  to  the  resistance  to  erosion  of  the  metamorphic 
aureole’. 

Mapping  of  the  area  has  shown  that  the  strike  of  the  scarp  makes  a  30°  angle 
to  the  strike  of  the  granite  contact  (Fig.  4).  Tertiary  fluviatile  sediments,  several 
feet  thick,  are  present  near  the  top  of  the  ridge  (e.g.  near  Humphries  Rd-Mountain 
Rd  corner,  Cranbourne,  1  mile,  165903),  and  occur  as  a  widespread  sheet  covering 
the  Palaeozoic  bedrock  on  the  gentle  slopes  to  the  north.  On  the  S.  side  of  the 
scarp  the  Palaeozoic  rocks  are  covered  with  a  thin  layer  of  similar  ferruginous 
sands. 

These  observations  suggest  that  the  scarp  is  of  tectonic  rather  than  residual 
origin.  Faulting  thus  occurred  at  an  angle  to  the  granite  contact  during  the  Tertiary 
or  Quaternary  periods. 
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3.  Structure  at  Mills  Beach,  Mornington 

The  nature  and  relationship  of  the  Tertiary  strata  in  the  vicinity  of  Localities  12 
and  13,  near  Mornington,  suggest  a  tilt  or  downwarp  to  the  south  or  west  (see 
description  of  the  geology).  This  structure  is  probably  of  late  Tertiary  age,  prior 
to  the  period  of  ferruginization. 

4.  Fossil  Beach  Fault 

Singleton  (1941,  p.  83)  proposed  a  fault  at  the  S.  end  of  Fossil  Beach  in  order 
to  explain  the  relationship  of  various  strata  in  the  area.  This  structure  is  here 
referred  to  as  the  Fossil  Beach  Fault,  and  has  a  strike  of  about  30°T,  with  down¬ 
throw  to  the  NW. 

The  clilf  sequence  and  the  information  provided  by  the  Fossil  Beach  bores  show 
that  normal  faulting  with  a  throw  of  some  70  ft  occurred  prior  to  the  deposition  of 
the  Marina  Cove  Sand.  If  the  fault  movement  occurred  before  or  during  the  early 
stages  of  Balcombe  Clay  deposition,  then  a  fault  scarp  of  loose  sand  would  have 
been  exposed,  insufficiently  stable  to  avoid  slumping  and  mixing.  This  has  not 
occurred,  and  the  beach  exposure  of  the  Balcombe  Clay  in  the  vicinity  of  the 
measured  section  (17)  shows  a  steady  dip  of  some  15°  northward,  possibly  as  a 
result  of  drag  on  the  fault  rather  than  due  to  the  recent  landslips. 

Thus,  it  appears  that  faulting  occurred  during  the  final  stages  of  deposition  of 
the  Balcombe  Clay.  In  this  case,  the  upthrown  silt  bed,  e.g.  18  (g),  is  best 
considered  as  representing  the  base  of  the  Balcombe  Clay  sequence.  However,  the 
restricted  faunal  evidence  indicates  that  at  least  part  of  this  unit  belongs  to  the  upper 
part  of  the  Balcombe  Clay  (see  text  on  Foraminifera).  This  means  that  most  of  the 
upthrown  silt  was  removed  and  another  layer  of  similar  but  younger  sediment  added. 
The  prominent  cementation  of  the  lower  part  of  this  bed  by  ‘jarosite’  suggests  that 
glauconite  or  pyrite  was  initially  abundant,  and  this  may  have  resulted  from 
remnant  minerals  associated  with  the  implied  disconformity  within  the  upthrown 
sequence. 

Further  elucidation  of  this  structure  awaits  detailed  study  with  close  sample 
analyses,  but  it  is  clear  that  faulting  occurred  during  the  last  stages  of  deposition 
of  the  Balcombe  Clay. 

5.  Chechingurk  Fault 

The  Chechingurk  Fault,  about  i  mile  N.  of  Mt  Martha,  was  first  described  by 
Keble  (1950,  p.  60)  based  mainly  on  physiographic  evidence.  It  has  a  strike  of 
about  110°T  and  is  downthrown  to  the  north.  Thus,  at  the  coast,  the  Baxter  Sand¬ 
stones  are  faulted  against  lower  Tertiary  basalt  whereas,  inland,  the  Palaeozoic 
basement  is  exposed  on  the  S.  upthrown  side  (Fig.  4).  The  throw  on  the  fault  is 
probably  between  100  and  200  ft.  Faulting  occurred  after  the  deposition  of  the 
Baxter  Sandstones  and  prior  to  the  period  of  ferruginization,  in  view  of  the  ferrug¬ 
inous  and  level  nature  of  the  surface  on  both  sides  of  the  fault. 

Inland  from  Mt  Martha  several  faults  have  been  described  by  Keble.  These  are 
the  Balcombe,  Tuerong,  and  Devilbend  Faults,  all  of  which  strike  in  a  NNE. 
direction  (Keble  1950,  Fig.  49).  Their  N.  extension  into  the  Mornington  District 
is  based  on  physiographic  evidence  (Keble  ibid,  p.  35).  The  scarcity  of  bores  in 
this  area  does  not  enable  any  further  definition  of  these  structures. 

Summary  of  the  Stratigraphy  and  Sedimentation  in  the 
Mornington  District 

A  generalized  stratigraphic  section  along  the  coast  from  Frankston  to  Mt  Martha 
is  illustrated  in  Fig.  21.  Because  only  a  few  measured  sections  show  any  degree  of 
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completeness,  it  has  been  necessary  to  utilize  the  information  from  adjacent  sections. 
The  base  of  the  widespread  Marina  Cove  Sand  is  used  as  a  datum  plane,  seeing 
that  tectonic  activity  has  considerably  displaced  the  strata  since  their  deposition. 
Because  of  this,  the  diagram  shows  the  nature,  thickness,  and  relative  horizontal 
distribution  of  the  stratigraphic  units,  but  does  not  portray  the  actual  structure.  A 
true  representation  of  the  coastal  section  in  the  south  of  the  Mornington  District 
and  the  Manyung  Rocks  area  is  given  in  Fig.  5  and  6. 

Using  the  information  provided  by  the  stratigraphy  and  the  physical  nature  of 
the  strata,  the  Tertiary  succession  in  the  Mornington  District  may  be  summarized 
as  follows,  commencing  at  the  base: 

1.  ‘Sub-Basaltic  Sediments’. 

Poorly  sorted  sands  and  gravels,  representing  terrestrial  sediments  of  early 
Tertiary  age. 

2.  Older  Volcanics. 

Basalt  flows  and  fragmental  equivalents  extruded  probably  during  the  Oligocene. 

3.  ‘Post-Basaltic  Terrestrial  Sediments’. 

Poorly  sorted  coarse  and  fine  sands  with  some  finer  carbonaceous  sediments, 
deposited  in  a  terrestrial  environment  during  Oligo-Miocene  times. 

4.  Mt  Martha  Sand  Beds. 

Fine,  well  sorted  quartz  sands  formed  under  littoral  and  nearshore  conditions; 
best  developed  near  Mt  Martha.  They  are  of  probable  Batesfordian  (L.  Miocene) 
age  and  mark  the  commencement  of  a  marine  trangression. 

5.  Harmon  Rocks  Sand  Bed. 

Poorly  sorted  coarse  clayey  sands  occurring  as  a  thin  bed  near  Mt  Martha.  It 
represents  a  local  return  to  fluviatile  conditions  during  the  Batesfordian. 

6.  Balcombe  Clay. 

Poorly  sorted  calcareous  clayey  silts  with  limestone  concretions  and  an  abundant 
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Fig.  21 — Generalized  stratigraphic  section  from  Frankston  to  Mt  Martha. 
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Fig.  22— Generalized  Tertiary  correlation  chart  of  the  Port  Phillip  Basin. 
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marine  fauna.  Of  widespread  development,  it  represents  the  deep  water  phase  of 
the  marine  transgression  and  is  of  Batesfordian,  Balcombian,  and  Bairnsdalian  age. 

7.  Marina  Cove  Sand. 

Very  fine,  well  sorted  quartz  sands  with  a  restricted  marine  fauna.  This  unit  is 
widespread  over  the  area  and  was  deposited  in  shallow  marine  conditions  during 
the  late  Miocene.  It  represents  a  regressive  marine  phase. 

8.  Baxter  Sandstones. 

Poorly  sorted  coarse  sands  and  clayey  sands  deposited  under  fluviatile  conditions 
during  the  late  Miocene. 

The  source  of  the  sediments  has  been  both  from  weathered  granites  and  from 
the  Palaeozoic  sediments  and  metamorphics.  The  early  Tertiary  sediments  and 
basalts  also  contributed  to  the  later  Tertiary  deposits.  Much  of  the  sediment  came 
from  the  central  Victorian  highlands  to  the  north,  but  some  was  derived  from 
the  higher  central  part  of  Mornington  Peninsula.  An  attempted  time-rock  correla¬ 
tion  of  the  Tertiary  rocks  of  Mornington  Peninsula  with  those  of  Geelong  and 
Western  Port  is  shown  in  Fig.  22.  This  well  illustrates  the  complete  cycle  of  marine 
sedimentation  during  Tertiary  time  in  south-central  Victoria. 
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Explanation  of  Plates 

Plate  51 

Fig.  1 — View  of  Marina  Cove  looking  S.  to  Fossil  Beach.  Stratigraphic  rock  units  as  shown. 

Fig.  2 — View  of  coastline  S.  of  Section  21  with  Mt  Martha  and  Balcombe  Point  in  the  back¬ 
ground.  Several  rock  units  are  shown. 

Plate  52 

Fig.  1 — Detail  of  cliff  section  S.  of  Marina  Cove.  The  scoured  base  of  bed  16(c)  marks  the 
base  of  the  Baxter  Sandstones.  Note  the  secondary  ironstone  bands  within  the 
underlying  Marina  Cove  Sand. 

Fig.  2 — Sand  grains  from  bed  18(d)  of  the  Mt  Martha  Sand  Beds  showing  bimodality.  Note 
the  very  well  rounded  nature  of  the  coarse  fraction  and  the  very  well  sorted  and 
generally  rounded  nature  of  the  fine  fraction. 

Fig.  3 — The  Balcombe  Clay  at  S.  of  Manyung  Rocks.  Note  the  layers  of  limestone  concretions 
and  lack  of  septarian  structure. 

Fig.  4 — Limestone  concretion  within  the  Balcombe  Clay  at  Fossil  Beach  showing  septarian 
structure. 

Fig.  5 — Detail  of  the  burrow-bed  17(m),  within  the  Balcombe  Clay  at  Fossil  Beach. 
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THE  VICTORIAN  MALLEE 
SYMPOSIUM 

9  SEPTEMBER  1965 

31 

FOREWORD 

A  one-day  symposium  on  the  Victorian  Mallee  was  held  on  9  September  1965. 
The  Mallee  makes  up  about  15  per  cent  of  the  area  of  the  State;  its  extent  is 
variously  defined,  as  shown  in  the  succeeding  Fig.  1.  It  is  the  driest  region  of  the 
State,  and  the  annual  rainfall  is  shown  in  Fig.  2,  a  specially  prepared  map  for 
which  we  are  grateful  to  the  Commonwealth  Bureau  of  Meteorology.  The  object  of 
the  symposium  was  to  bring  together  the  many  kinds  of  scientific  information  avail¬ 
able  on  the  Mallee  and  to  stimulate  further  research  through  discussion.  This 
symposium  was  organized  along  the  lines  of  two  previous  symposia,  on  the  High 
Plains  of  Victoria  (published  in  Vol.  75  of  the  Proceedings)  and  on  the  basalt 
plains  of  Western  Victoria  (published  in  Vol.  77  of  the  Proceedings). 

The  9  succeeding  papers  (No.  32-40)  were  given  at  the  symposium. 
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Fig.  1 — The  Victorian  Mallee,  showing  rivers  and  railways  and  the  boundaries 

as  variously  defined. 
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CAINOZOIC  STRATIGRAPHY  AND  STRUCTURE  OF  THE 
MALLEE  REGION,  VICTORIA 
By  C.  R.  Lawrence 

Geological  Survey  of  Victoria 

Abstract 

The  Tertiary  history  of  the  Mallee  Region  is  intimately  related  to  the  migration  within 
the  Murray  Basin  of  Eocene  to  Pliocene  seas  and  rivers  over  a  terrain  of  subdued  to  near- 
planar  topography  bevelling  Cambrian-?basal  Ordovician,  Permian,  and  Lower  Cretaceous 
sediments.  The  Tertiary  sequence  is  complex,  with  facies  relationships  between  a  series  of 
lithological  units  varying  from  neritic  limestones  (Duddo  Limestone),  shallow  near-shore 
marine  clays  and  marls  (Netherby  Marl,  Geera  Clay,  Winnambool  Formation,  Bookpurnong 
Beds),  paralic  sediments  (Knight  Group),  and  non-marine  fluviatile  sands,  silts,  and  clays 
(Wunghnu  Group).  The  marine  units  are  grouped  as  the  Murray  Group  in  contradistinction 
to  the  underlying  paralic  Knight  Group  and  the  non-marine  Wunghnu  Group  on  the  landward 
side.  The  littoral  marine  Yanac  Member  at  the  base  of  the  Netherby  Marl  represents  the 
initial  rapid  transgression  of  the  Murray  Group;  the  regressive  phase  is  expressed  in  part  by 
the  Diapur  Sandstone,  interpreted  as  a  complex  of  stranded  coastal  features  whose  ridge 
topography  represents  successive  stages  of  the  regression.  The  Quaternary  sequence  is  a 
complex  of  aeolian  and  fluvio-lacustrine  sediments,  divided  in  a  sequence  of  thin  units  and 
members:  Lowan  Sand,  Woorinen  Formation  (6  members),  Blanchetown  Clay  and  Bungunnia 
Limestone,  Shepparton  Formation  (6  members),  Coonambidgal  Formation,  and  lunettes;  the 
sequence  being  terminated  by  late  Pleistocene  to  Recent  evaporites  (calcite,  halite,  and 
gypsum).  The  Shepparton  and  Coonambidgal  Formations  constitute  the  higher  part  of  the 
Wunghnu  Group.  Many  of  these  formation  names  are  new;  the  members  are  adapted  from 
previous  informal  usage  by  soil  scientists. 

Introduction 

The  area  discussed  in  this  paper  covers  the  Mallee  Region,  an  official  resources 
district  comprising  14,394  square  miles  of  NW.  Victoria  and  constituting  just  under 
15%,  by  area,  of  the  large  sedimentary  unit  known  as  the  Murray  Basin  (Fig.  1 ). 
The  Tertiary  sediments  of  the  basin  range  in  age  from  Lower?-Middle  Eocene  to 
Recent  and  include  clay,  silt,  sand,  gravel,  marl,  limestone,  lignite,  and  glauconitic 
sediments.  They  are  classified  into  rock  units  which  generaly  thicken  and  dip  gently 
towards  a  point  immediately  W.  of  the  NW.  corner  of  Victoria.  The  main  pre- 
Tertiary  units  consist  of  Lower  Cretaceous  marginal  marine  sands  and  shales, 
probable  Lower  Permian  fluvioglacials,  granites  of  unknown  age,  and  Cambrian 
to  early  Ordovician  metasediments. 

Two  distinct  Tertiary  depositional  sequences  are  recognizable.  These  may  cor¬ 
respond  with  the  two  youngest  depositional  cycles  of  the  four-cycle  system  dis¬ 
criminated  by  Bock  &  Glenic  (1965)  for  the  Late  Cretaceous  to  Tertiary  sequence 
of  the  Otway  Basin.  For  the  youngest  sequence  in  the  Murray  Basin  there  are  some 
striking  similarities  with  cycle  4  in  the  Otway  Basin,  but  uncertainties  exist  with 
equating  the  earlier  sequence — it  has  the  broad  time  equivalence  of  cycle  3  but 
shows  closer  lithological  affinities  with  cycle  2. 

The  main  difference  between  the  two  sequences  in  the  Mallee  Region  is  that 
the  older  one  consists  essentially  of  carbonaceous  elastics,  whereas  the  younger 
sequence  consists  predominantly  of  calcareous  rocks.  Tertiary  sedimentation  in  the 
Murray  Basin  was  connected  with  gravity  sag,  which  determined  its  geographical 
location,  and  perhaps  with  regular  eustatic  changes  of  sea-level. 
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Because  the  Tertiary  sediments  in  the  Mallee  Region  are  almost  completely 
buried  by  a  veneer  of  Quaternary  sediments,  our  knowledge  of  them  is  derived 
mostly  from  drilling.  There  are  few  publications  on  the  subsurface  geology  of  the 
Mallee  Region;  the  main  ones  are:  Chapman  (1916),  on  the  lithologic  and 
palaeontologic  description  of  samples  from  a  line  of  1  1  bores  extending  eastward 
from  Panitya  to  Tutye;  and  Gloe  (1947),  who  has  given  an  exhaustive  compendium 
of  bore-hole  data  from  private  and  official  bores  in  the  Mallee,  Wimmera,  and 
Glenelg  Regions,  and  the  hydrogeological  interpretation  of  this  data. 

Since  these  publications,  numerous  deep  bores  have  been  sunk  in  the  Mallee 
Region  by  the  Victorian  Mines  Department  as  part  of  a  groundwater  survey  of 
that  Region.  Because  this  drilling  programme  has  been  directed  primarily  for 
groundwater  exploration  and  because  the  Murray  Basin  is  relatively  shallow, 
percussion  plants  have  been  used  almost  exclusively  in  preference  to  rotary  drills; 
accordingly,  sludge  samples  are  virtually  the  only  record  of  the  strata  passed 
through.  The  only  rotary  drilled  holes  in  the  Mallee  Region  from  which  cores  of 
the  strata  have  been  taken  are  Olney  No.  1,  in  the  far  NW.  corner,  and  Mournpoull 
No.  1  at  Hattah.  These  two  bores  are  also  the  only  ones  in  the  Mallee  Region  to 
be  electrically  logged.  Bore-hole  data  from  the  surrounding  areas  outside  the  Mallee 
has  been  studied  to  supplement  this  data. 

The  stratigraphy  of  the  Cainozoic  sediments  in  the  Mallee  Region  is  related  to 
that  in  the  neighbouring  regions;  where  possible  I  have  attempted  to  apply  this 
work.  For  those  portions  of  South  Australia  and  New  South  Wales  adjacent  to  the 
Mallee  Region,  the  main  published  contributions  are  by  Kenny  (1934),  Ludbrook 
(1961),  Mulholland  (1940),  O’Driscoll  (1960),  and  B.M.R.  Publication  52, 
Petroleum  Search  Subsidy  Acts  (1964).  The  Tertiary  stratigraphy  of  the  Mallee 
Region  has  been  correlated  as  closely  as  possible  with  the  sequence  established  for 
the  South  Australian  portion  of  the  Murray  Basin  by  Ludbrook  (1957,  1958,  1961, 
1963).  Although  Hills  (1939)  described  the  physiography  of  NW.  Victoria  and 
of  the  Mallee  Region  in  particular,  little  detailed  mapping  of  the  Quaternary  sedi¬ 
ments  of  the  Murray  Basin  as  a  whole  had  been  done  until  recent  years.  The  main 
contributor  to  this  work,  in  so  far  as  it  is  applicable  to  the  Mallee  Region,  is  Butler 
(1950,  1956,  1958,  1959)  who,  from  reconnaissance  mapping,  provided  a  means 
of  subdividing  outcropping  Quaternary  sediments  of  the  Murray  Basin  on  the  basis 
of  lithology,  genesis,  and  paleosols.  This  pioneer  work  has  been  followed  by 
Churchward  (1960,  1961b,  1963a,  1963b,  1963c)  who  has  subdivided  the  material 
of  the  E.-W.  dune  chains  in  the  Swan  Hill  district  by  applying  Butler’s  criteria  for 
recognition  of  buried  soils,  and  by  Pels  (1964)  who  has  discussed  the  distribution 
and  evolution  of  the  ‘Coonambidgal’  of  Butler  (here  used  as  Coonambidgal  Forma¬ 
tion)  associated  with  the  Murray  River. 

In  the  following  outline  of  the  stratigraphy  of  the  Cainozoic  sediments  of  the 
Mallee  Region  the  emphasis  is  on  lithology. 

For  the  gross  stratigraphy  of  the  Tertiary  sequence,  Ludbrook’s  rock  units  are 
adopted  where  possible,  but  it  has  been  necessary  to  redefine  some  of  these  and 
also  to  introduce  new  ones. 

The  discussion  under  the  heading  'Quaternary’  is  subdivided  partly  by  rock 
units  and  partly  by  geomorphic  forms,  e.g.  lunettes.  The  formations  of  Quaternary 
age  are  broadly  subdivided  into  two  types  of  deposition,  namely  aeolian  units 
(dunes,  sheets,  lunettes,  source-bordering  dunes),  and  alluvial  units  (pediment, 
channel,  flood-plain,  and  lacustrine),  marked  at  the  top  by  a  soil  and  commonly  at 
the  base  by  a  disconformity.  Each  formation  is,  in  turn,  subdivided  into  members 
which  are  used  in  a  similar  sense  to  formations  except  that  they  may  be  only  locally 
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Fig.  1 — Map  of  SE.  Australia  showing  the  location  of  the  Murray  Basin. 
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Fig.  2 — Diagrammatic  geologic  section  across  the  Murray  Basin. 
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identifiable.  Formal  names  used  for  members  are  adapted  from  the  ‘systems’  and 
‘layers’  of  Butler  and  Churchward;  these  are  regarded  as  more  or  less  equivalent  to 
members.  The  type  locations  and  definitions  by  pedologists  of  these  informal  units 
are  incorporated  within  the  lithostratigraphic  redefinition  of  members  discussed  in 
this  paper.  The  soil  designations  Kls,  K2s,  K3s,  K4s,  and  K5s,  as  defined  by 
Butler  (1959)  are  retained.  The  symbols  of  the  K  cycle  are  employed  in  this  paper 
principally  because  they  provide  a  means  of  communication  between  Quaternary 
geologists  and  stratigraphic  pedologists  working  on  the  Murray  Basin.  In  doing  so, 
the  author  is  aware  of  the  undesirable  connotations  associated  with  the  K  cycle 
because  of  present  widespread  and  indiscriminate  use. 
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Stratigraphy 

Basement  Rocks 

Cambrian?  Metasediments 

Underlying  the  Mallee  Region,  and  invariably  buried  with  angular  uncon¬ 
formity  beneath  the  Knight  Group  are  metamorphics  of  probable  Cambrian  to 
Lancefieldian  age  derived  from  fine  to  medium-grained  clastic  sediments.  Rock 
types  listed  in  Johns  &  Lawrence  (1964)  include  shale,  slate,  phyllite,  and  sericite 
schist.  Intruding  these  metasediments  are  granite  bodies  and  quartz  veins.  Granite 
outcrops  in  the  E.  portion  of  the  Mallee  Region  at  Wycheproof,  and  near  L.  Boga 
where  it  shows  copper  and  uranium  mineralization. 

When  buried,  the  Cambrian?  metasediments  and  granites  are  highly  weathered 
to  white,  grey  or  buff  clay;  this  material  has  been  cored  from  only  one  bore  in  the 
Mallee  Region — Mournpoull  No.  1.  The  weathering  process  may  be  attributable  to 
either  the  action  of  the  acidic,  bicarbonate-rich  groundwater  in  the  Knight  Group 
acting  on  the  basement  rocks,  or  aerial  and  chemical  weathering  of  the  basement 
rocks’  prior  to  their  burial.  The  composition  of  the  weathered  basement  rock  is 
generally  kaolinite  and  quartz,  but  only  in  two  cases  has  its  composition  been 
analysed  by  the  X-ray  diffraction  method.  The  composition  of  weathered  sericite 
schist  from  a  depth  of  1,370-1,380  ft  in  the  Walpeup  No.  2  bore  was  muscovite 
40%,  kaolinite  40%,  and  quartz  20%. 

Lower  Permian?  Sediments 

Lower  Permian  sediments  have  not  been  encountered  so  far  in  drilling  in  the 
Mallee  Region;  however,  it  is  inferred  from  what  is  known  from  surrounding  areas 
that  they  are  present.  Immediately  S.  of  the  Mallee  Region  at  Netherby  in 
Warraquil  No.  1  bore,  1,385  ft  of  tillite  and  sandstone  were  encountered  between 
the  depths  of  981  and  2,366  ft;  in  New  South  Wales,  the  Wentworth  No.  1  bore 
encounted  silty  clay  to  siltstone  of  Permian  age  between  1,604  and  2,055  ft,  and 
conglomerate  of  Permian?  age  between  the  depths  of  2,055  and  2,081+  ft;  in 
South  Australia,  the  North  Renmark  bore  encountered  glacial  marine  sediments 
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between  the  depths  of  3,245  and  4,018  ft. 

Lower  Cretaceous  Sediments 

Lower  Cretaceous  sediments  have  been  penetrated  in  the  Mallee  Region  only  in 
the  Olney  No.  1  bore  where  a  fissile,  grey  sandy  siltstone  was  struck  beneath  Eocene 
sands  of  the  Knight  Group  between  1,992  and  2,015  ft,  at  which  depth  the  bore 
bottomed.  A  core  taken  between  2,001  and  2,013  ft  contained  both  plant  remains 
and  arenaceous  Foraminifera  indicating  an  Albian-Aptian  age.  J.  G.  Douglas  (pers. 
comm.)  reports:  ‘Microspores  included  Cicatrecosisporites  australiensis  (Cookson) 
Potonie,  Lycopodiumsporites  austroclavatidites  (Cookson)  Potonie,  Coptospora 
paradoxa  (Cookson  &  Dettmann),  Rouseisporites  reticulatus  (Pocock),  Aequitri - 
radites  sp.,  Microcachyridites  antarcticus  (Cookson),  Pyrobolospora  reticulata 
(Cookson  &  Dettmann).  Cuticular  remains  derived  principally  from  remnants  of 
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Fig.  3 — Structure  contours  of  the  pre-Tertiary  surface  of  the  Mallee  Region. 
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large  strap-like  conifer  leaves  and  a  small-leaved  Brachyphyllum  type  conifer  were 
common.  The  microspore-megaspore  remains  indicate  that  the  sample  belongs  to 
the  Paradoxa  Assemblage  of  Dettmann  (1963)  which  she  regards  as  belonging  to 
the  uppermost  stages  of  the  Lower  Cretaceous.  The  cuticular  remains  (two  types 
of  conifer  leaves)  have  been  isolated  from  a  number  of  localities  in  Western  Vic¬ 
torian  sediments  also  regarded  as  upper  Lower  Cretaceous  in  age  (Douglas  MS)’. 

Although  the  Lower  Cretaceous  sediments  were  only  partially  penetrated  in  this 
bore,  there  are  two  bores  adjacent  to  the  Mallee  Region  in  neighbouring  States  which 
have  fully  penetrated  the  Lower  Cretaceous  sediments.  They  are  the  North  Renmark 
No.  1  (S.A.)  and  the  Wentworth  No.  1  (N.S.W.);  in  each  case  the  Lower  Cre¬ 
taceous  sediments,  whose  thicknesses  were  840  ft  and  331  It  respectively,  rested 
unconformably  on  Lower  Permian  sediments  (B.M.R.  1964).  The  Lower  Cre¬ 
taceous  sediments  in  the  far  NW.  corner  of  the  Mallee  Region  probably  occupy  a 

similar  stratigraphic  position.  .... 

Ludbrook  (1961)  and  the  B.M.R.  (1964)  have  implied  correlation  of  the 
Lower  Cretaceous  sediments  in  the  Murray  Basin  with  those  in  the  Great  Artesian 
Basin.  Indeed,  it  seems  likely  that  the  inundative  phase  of  the  depositional  cycle 
responsible  for  the  Rolling  Downs  Group  also  affected  the  Murray  Basin  area, 
depositing  terrestrial  and  marginal  marine  time  equivalents  of  the  Roma  Formation 
and  the  Tambo  Formation. 

Tertiary  Sediments 


Knight  Group 

The  Knight  Group,  as  defined  by  Sprigg  (1952)  and  Boutakoff  &  Sprigg 
(1953),  is  a  series  of  sands  and  carbonaceous  sediments  forming  the  lower  part  of 
the  Tertiary  sequence.  Outcrops  of  the  Knight  Group  are  restricted  to  the  raised 
belt  of  Tertiary  rocks  at  the  junction  of  the  Otway  Basin  and  the  Murray  Basin. 
It  is  in  this  belt,  near  Mt  Gambier,  but  within  the  Otway  Basin,  that  Boutakoff  & 
Sprigg  (1953)  selected  Knight’s  Quarry  as  the  type  locality  of  the  Group. 

The  junction  of  the  Knight  Group  in  the  Mallee  Region  with  the  underlying 
rocks  may  be  either  unconformable  or  disconformablc.  Where  the  underlying  rocks 
are  the  tightly  folded  Cambrian?  metasediments  and  their  granite  intrusives  the 
junction  is  in  angular  unconformity.  Elsewhere,  for  relatively  small  areas,  the 
Knight  Group  rests  disconformably  on  Lower  Cretaceous  sediments  and  probably 
on  Lower  Permian  sediments. 

The  lithologies  of  the  Knight  Group  include  fine  to  medium-grained  quartz 
sands;  silts  and  siltstone  which  may  be  carbonaceous,  dolomitic,  or  calcareous; 
clay  usually  carbonaceous;  and  lignite.  Pyrite  and  marcasite,  both  in  authigenic  and 
disseminated  forms,  are  important  accessories.  The  various  rock  types  form  an  array 
of  alternating  and  intertonguing  strata  for  which  there  has  been  insufficient  reliable 
information  to  establish  stratigraphic  subdivision.  However,  the  calcareous  and 
dolomitic  siltstones  appear  to  be  almost  exclusively  restricted  to  the  upper  part  of 
the  Knight  Group. 

Preserved  in  the  carbonaceous  clays  and  lignite,  but  absent  from  the  coarser 
elastics,  is  a  rich  assemblage  of  pollen  derived  from  the  temperate  and  tropical 
terrestrial  plant  genera  Casuarinidites,  Myrtaceidites,  Nothofagus,  Proteacidites, 
and  Triorites.  Marine  fossils,  almost  exclusively  the  Foraminifera  Cyclammina  and 
Cibicides,  are  very  rare.  They  are  usually  restricted  to  the  upper  part  of  the  Knight 
Group  in  the  W.  part  of  the  Mallee  Region.  Elsewhere,  the  lack  of  marine  fossils, 
the  variable  lithologies  and  thicknesses,  the  poor  sorting  of  many  of  the  elastics, 
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Note:-  Although  boundaries  of  rock  units  in  the  table  are  represented  as  synchronous  ones,  some  are  known  to  be  diachronous 
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and  the  lack  of  continuity  of  strata  indicate  a  non-marine  environment  of  deposition 
— probably  including  fluviatile,  lacustrine,  and  paludal  types. 

Only  a  broad  Lower  Tertiary  age  based  on  palynological  evidence  can  be 
assigned  to  the  Knight  Group  of  the  Victorian  portion  of  the  Murray  Basin. 
Foraminifera  present  are  Cyclammina  and  Cibicides  which  are  long  ranging  species. 
However,  it  is  considered,  on  micro-fossil  evidence  available,  that  deposition  of 
the  Knight  Group  in  the  Mallee  Region  began  in  the  Lower  Eocene  and  terminated 
in  the  W.  portion  of  the  Mallee  Region  in  the  Upper  Eocene.  The  Knight  Group 
in  the  Murray  and  Otway  basins  seems  to  be  in  part  the  landward  equivalent  of 
the  marine-influenced  Buccleuch  Group  (Ludbrook  1963)  and  the  marine  Nirranda 
Group  (Bock  &  Glenie  1965).  It  is  of  similar  facies  to  the  Wangerrip  Group  but 
much  of  it  appears  to  be  younger  than  the  latter  in  its  typical  development  in  the 
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W.  Otway  Basin  and,  unlike  the  latter,  is  not  known  to  extend  down  to  Paleocene 
and  older  horizons  in  the  Murray  Basin. 

The  Knight  Group  extends  as  an  almost  continuous  unit  throughout  the  entire 
Mallee  Region,  except  where  prominent  bedrock  ‘highs’  have  precluded  Knight 
Group  sedimentation.  Outcropping  granite  ‘highs’  at  Wycheproof  and  L.  Boga  have 
prevented  deposition  of  Knight  Group  sediments  over  small  areas.  In  the  Robinvale- 
Winnambool  district,  two  bores — Bumbang  No.  1  and  Geera  No.  1,  the  only  bores 
to  bedrock  in  that  district — each  traversed  less  than  10  ft  of  sands  and  gravel 
(Knight  Group?)  above  bedrock.  From  geophysical  and  hydrogeological  studies 
there  is  good  evidence  that  this  bedrock  high,  accompanied  by  the  virtual  exclusion 
of  Knight  Group  deposition,  extends  northward  from  Winnambool  into  New  South 
Wales. 

From  isopachs  of  the  Knight  Group  in  the  Mallee  Region  (Fig.  5)  it  can  be 
seen  that  it  generally  thickens  towards  the  north-west.  For  example,  it  is  60  ft 
thick  at  Thalia  in  the  far  south-east  and  724  ft  thick  in  the  far  north-west  in  the 
Olney  No.  1  bore.  However,  this  trend  is  not  constant.  The  main  irregularity  is 
the  thickening  of  the  Knight  Group  in  the  Piangil  district  to  about  400  ft,  a  figure 
based  partly  on  the  author’s  stratigraphic  interpretation  of  the  logs  of  the  Bundy 
No.  1  bore  (N.S.W.)  and  the  Balranald  No.  1  bore  (N.S.W.)  published  by  the 
B.M.R.  (1964). 

Structure  contours  of  the  upper  surface  of  the  Knight  Group  have  also  been 
drawn  (Fig.  5),  but  their  value  for  interpretation  of  the  history  of  the  Mallee 
Region  is  dubious  because  the  upper  surface  of  the  Knight  Group,  as  presently 
defined,  is  diachronous.  Nevertheless,  some  anomalies  in  the  regional  dip  of  the 
upper  surface  of  the  Knight  Group  are  interpreted  as  being  of  tectonic  rather  than 
facies  origin,  e.g.  the  upper  surface  of  the  Knight  Group  is  more  than  150  ft 
lower  on  the  E.  and  downthrown  side  of  the  Danyo  Fault  (Johns  &  Lawrence 
1964)  than  the  W.  and  upthrown  side  of  this  fault;  also  the  upper  surface  of  the 
Knight  Group  is  lower  (by  more  than  100  ft)  on  the  W.  side  of  the  Hindmarsh 
Fault.  Another  irregularity  in  the  general  regional  trend  is  a  broad  and  low  syncline 
trending  SW.-NE.  beneath  L.  Tyrrell  and  Piangil  into  New  South  Wales. 

Being  the  most  widespread  of  the  rock  units  of  the  Tertiary  sequence  in  the 
Mallee  Region,  the  Knight  Group  is  contiguous  with  several  overlying  younger 
units.  Hence,  the  criteria  employed  to  discern  the  upper  boundary  of  the  Knight 
Group,  which  represents  a  regional  disconformity,  depend  on  the  lithology  of  the 
overlying  rock-units.  Where  the  Knight  Group  is  buried  beneath  Oligocene  marine 
sediments  (Netherby  Marl  including  the  Yanac  Member,  and  the  Geera  Clay),  the 
upper  boundary  is  easy  to  pick  by  the  first  appearance,  as  one  drills  down,  of 
elastics  or  carbonaceous  sediments  devoid  or  almost  devoid  of  marine  fossils.  East 
of  a  line  linking  Birchip  and  Swan  Hill,  fossiliferous  marine  sediments  are  absent 
and  instead  there  are  continental  clays,  silts,  sands,  and  gravels,  which  together 
comprise  the  Wunghnu  Group,  resting  on  the  Knight  Group.  The  sole  criterion  used 
to  select  the  upper  boundary  of  the  Knight  Group  in  this  case  is  the  first  sign  in 
depth  of  persistently  carbonaceous  sediments,  although  some  of  the  overlying 
non-carbonaceous  sediments  may  be  lateral  equivalents  of  Knight  Group  sediments 
beneath  the  marine  sediments  to  the  west. 

In  the  W.  part  of  the  Mallee  Region,  the  Knight  Group  is  disconformable 
beneath  Janjukian  strata  belonging  to  the  Yanac  Member  of  the  Netherby  Marl, 
or,  farther  E.,  to  the  Geera  Clay.  Still  farther  E.,  continental  sediments  belonging 
to  the  Wunghnu  Group,  whose  exact  age  is  unknown,  overlie  the  Knight  Group. 
This  means  that,  although  there  is  a  definite  upper  limit  in  age  for  the  Knight 
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Group  in  the  W.  part  of  the  Mallee  Region  where  marine  sediments  are  present, 
the  upper  limit  is  not  precise  in  the  east  where  there  are  palaeogeographical  grounds 
for  inferring  that  the  upper  limit  of  the  Knight  Group  may  extend  higher.  It  is 
conceivable  that  the  transgressing  Oligocene-Miocene  sea  was  fringed  by  marshes 
in  which  there  could  have  been  carbonaceous  sedimentation. 

Murray  Group 

Where  marine  influence  is  apparent  in  the  Murray  Basin,  the  depositional  cycle 
has  been  used  as  the  basis  of  classification  at  the  group  level;  the  older  cycle  is 
known  as  the  Knight  Group;  the  younger  calcareous  cycle  is  referred  to  as  the 
Murray  Group.  The  term  ‘Murray  Group’  was  introduced  by  Ludbrook  (1957) 
for  the  Miocene  sediments  lying  between  the  Bookpurnong  Beds  and  the  Ettrick 
Marl.  Its  use  in  this  paper  has  been  broadened  to  include,  besides  the  Duddo  Lime¬ 
stone,  all  Tertiary  marine  sediments  younger  than  the  Knight  Group. 

The  oldest  unit  of  the  Murray  Group  is  the  Yanac  Member  of  the  Netherby 
Marl;  it  consists  of  glauconitic  micaceous  clay  and  sand  containing  reworked 
Knight  Group  material.  The  Yanac  Member  represents  a  rapid  marine  transgressive 
deposit.  It  grades  upward  into  grey  marls  of  the  Netherby  Marl  which  thicken  both 
southward  and  eastward  away  from  the  NW.  corner  of  the  Mallee  Region  where 
the  sea  is  believed  to  have  been  deepest  during  Oligocene  times.  Farther  eastward, 
the  Netherby  Marl  grades  into  the  dark  grey  to  black,  slightly  calcareous  Geera  Clay. 
Clay-sized  and  silt-sized  terrigenous  material  had  an  adverse  effect  on  the  benthic 
fauna  which  is  limited  to  only  a  few  species  of  Foraminifera  and  turrittelids.  This  is 
followed  by  a  more  extensive  marine  trangression  during  which  the  Duddo  Lime¬ 
stone,  containing  a  diversified  fauna,  was  deposited.  The  limestone  may  be  classified 
as  a  calcilutite  or  as  a  biosparite  (Folk  1959),  in  which  there  is  a  small  proportion, 
always  less  than  12%,  of  clay  or  sand-sized  terrigenous  material.  The  limestone 
because  of  its  high  proportion  of  sparry  calcite  particles  (generally  10/*  to  20  /* 
in  diameter),  suggests  a  moderately  high  energy  environment. 

Eastward  and  landward  of  the  Duddo  Limestone  is  the  glauconitic  silty  or 
marly  Winnambool  Formation  which  grades  in  turn  into  the  black  almost  unfossili- 
ferous  Geera  Clay.  By  comparing  these  sedimentary  zones  with  the  model  produced 
by  Irwin  (1965)  for  epeiric  clear-water  sedimentation  it  is  evident  that,  for  the 
Mallee  Region,  there  was  an  abundance  of  fine  grained  material  available  from  an 
eastern  source.  Both  the  Winnambool  Formation  and  Geera  Clay  are  considered  to 
have  been  deposited  in  a  low  energy  environment.  The  abundance  of  terrigenous 
sands  carried  by  river  water  is  regarded  as  the  prime  cause  of  the  poor  and  unusual 
fauna  present  in  the  Geera  Clay. 

The  regressive  part  of  the  cycle  is  prolonged,  indicating  a  gradual  withdrawal 
of  the  sea.  A  succession  of  sediment  types  is  represented.  The  glauconitic,  fossili- 
ferous  and  clayey  Bookpurnong  Beds  overlie  the  Duddo  Limestone  and  Winnani- 
bool  Formation.  Overlying  the  Bookpurnong  Beds  is  the  unfossiliferous  Diapur 
Sandstone,  silty  near  the  base  but  sandy  through  the  rest  of  the  profile. 

Netherby  Marl — 

The  Netherby  Marl  is  named  after  the  township  of  Netherby  (in  the  Wimmera 
Region)  where  the  bore,  Warraquil  No.  3,  serves  as  the  type  section. 

The  Netherby  Marl  is  found  only  in  the  W.  part  of  the  Mallee  Region:  the 
Hindmarsh  Fault  marks  its  easternmost  extent  in  the  south;  to  the  north  its  eastern¬ 
most  boundary  probably  trends  NNW.  to  cross  the  Murray  R.  near  Wemen.  The 
thickness  of  this  formation  varies  between  150  ft  and  70  ft,  thinning  towards  the 
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north;  its  regional  dip  is  towards  the  NW.  corner  of  Victoria.  Eastward,  as  shown 
in  the  geological  section  (Fig.  4)  the  Netherby  Marl  grades  into  the  slightly 
calcareous,  glauconitic  clay  and  silt  of  the  Geera  Clay. 

The  dominant  lithologic  type  of  the  Netherby  Marl  is  marl,  but,  scattered 
throughout,  sometimes  there  are  thin  beds  of  marly  limestones  (which  may  contain 
shelly  fossils)  and  calcareous  clays.  Regionally,  the  Netherby  Marl  becomes  more 
limey  towards  the  centre  of  the  basin,  i.e.  towards  the  NW.  corner  of  the  Mallee 
Region. 

The  mineralogical  constituents  of  the  Netherby  Marl  are  clay,  quartz,  calcite, 
aragonite,  glauconite,  and  chert.  Clay  and  quartz  grains  are  allogenic  components 
— probably  derived  from  redistributed  Knight  Group  sediments  and  possibly  from 
the  weathering  products  of  a  variety  of  Palaeozoic  rocks  in  the  Central  Highlands. 
The  calcium  carbonate  is  present  as  calcite  and  aragonite,  mainly  as  microcrystalline 
sparry  material,  but  also  as  the  tests  of  fossils.  Foraminifera  are  the  dominant  group, 
with  Bryozoa,  Mollusca,  Pelecypoda,  and  Echinodermata  present  in  much  smaller 
numbers.  Unlike  the  Foraminifera  which  are  dispersed  throughout  the  formation, 
the  fossils  of  these  other  groups  are  usually  concentrated  in  thin  bands. 

The  presence  of  aragonite  in  significant  amounts  instead  of  calcite  alone  is 
probably  because  highly  saline  connate  water  entrapped  in  the  Netherby  Marl  has 
retarded  the  conversion  of  aragonite  to  calcite.  Nodules  of  dark  grey  chert,  some¬ 
times  with  included  fossils,  occur  rarely  and  spasmodically  in  the  Netherby  Marl. 
Because  fossils  are  included  in  these  nodules  it  is  thought  that  the  formation  of 
chert  has  been  a  post-depositional  and  diagenetic  process. 

A  continuous  sheet  of  whitish  bryozoan  limestone — the  Duddo  Limestone — 
rests  conformably  on  the  Netherby  Marl  throughout  the  Marl’s  entire  extent  in  the 
Mallee  Region.  Outside  the  Mallee  Region  near  the  S.  margin  of  the  basin,  the 
Duddo  Limestone  is  irregularly  preserved  in  relatively  small  areas;  where  the 
Duddo  Limestone  is  absent,  the  Diapur  Sandstone  rests  directly  on  the  Netherby 
Marl.  The  junction  between  the  Duddo  Limestone  and  the  Netherby  Marl  is  clearly 
discernible  in  most  drilled  sections  by  the  abrupt  change  from  white  permeable 
bryozoan  limestone  to  a  grey,  impermeable  marl;  but  there  are  some  districts,  such 
as  the  S.  part  of  the  Big  Desert,  where  the  junction  is  obscure  because  of  a 
transition  zone  of  interfingering  thin  beds  of  marl  and  limestone.  In  such  cases,  the 
upper  boundary  has  been  arbitarily  selected  as  the  first  appearance  of  marl  in 
depth  within  this  transition  zone. 

Electric  logs  are  useful  in  discriminating  the  boundary  between  the  Duddo 
Limestone  and  the  Netherby  Marl.  Opposite  the  Netherby  Marl,  the  self-potential 
curve  is  relatively  positive  and  the  normal  resistivity  curve  is  uniformly  low.  By 
contrast,  the  normal  resistivity  curve  is  markedly  higher  and  the  self-potential  curve 
is  relatively  negative  opposite  the  Duddo  Limestone.  The  differences  in  electric  logs 
opposite  these  lithologies  are  caused  principally  by  the  contrast  between  permeable 
limestone  and  relatively  impermeable  marl,  and  by  the  higher  salinity  of  the 
groundwater  in  the  marls. 

The  distribution  of  the  Netherby  Marl  and  its  biostratigraphy  as  outlined  above 
differs  from  the  preliminary  picture  presented  by  Gloe  ( 1 947 )  who  suggested  that 
the  marls  girdling  the  Dundas  Highlands  graded  basinwards  into  limestones,  thereby 
reflecting  distance  from  the  source  of  the  terrigenous  material.  Recent  biostrati- 
graphic  studies  suggest  that  this  change  from  marl  to  limestone  deposition  in  late 
Janjukian  times  was  a  regional  one  involving  the  entire  Murravian  Gulf,  presum¬ 
ably  associated  with  tectonic  activity  as  with  the  other  Tertiary  basins  of  SE. 
Australia. 
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From  foraminiferal  evidence  based  mainly  on  the  sections  in  the  Olney  No.  1 
and  Coynallan  No.  1  bores  (situated  outside  the  Mallee  Region  approximately 
15  miles  S.  of  Nhill)  the  Netherby  Marl  is  correlated  with  the  Janjukian  stage. 
The  following  diagnostic  Foraminifera  were  identified  by  D.  J.  Taylor  from  between 
340  and  570  ft  in  the  Coynallan  No.  1  bore:  Globigerina  apertura,  G.  ciperoensis, 
G.  ouaehitaensis,  G.  bispherica,  G.  rubra ,  G.  triloba  (large  aperture  form),  and 
Globoquadrina  dehiscens .  Palaeontologic  and  other  evidence  is  pointing  to  the 
correlation  of  the  Netherby  Marl  with  the  Ettrick  Formation  (Ludbrook  1957) 
found  in  the  W.  part  of  the  South  Australian  portion  of  the  Murray  Basin.  If,  in 
the  future,  further  evidence  confirms  this  correlation  then  the  senior  synonym, 
Ettrick  Formation,  would  be  retained  and  the  term  Netherby  Marl  discarded. 

Yanac  Member — 

The  Yanac  Member,  named  after  the  township  of  Yanac,  S.  of  the  Mallee 
Region,  refers  to  very  glauconitic  clayey  or  sandy  units  at  the  base  of  the  Netherbv 
Marl.  J 

The  presence  of  glauconite  (or  oxidized  pseudomorphs  after  it)  throughout  the 
Yanac  Member  is  diagnostic  and  is  indicative  of  the  depositional  conditions,  i.e. 
marine  environment  in  a  temperate  to  warm  temperate  climate,  accompanied  by 
slow  sedimentation  under  moderately  reducing  conditions.  It  is  inferred  that  these 
conditions  existed  during  deposition  of  the  Yanac  Member  and  were  aided  by  the 
micaceous  and  carbonaceous  fractions  of  the  Knight  Group  which  constituted  the 
floor  of  the  sea  over  which  the  Yanac  Member  was  deposited,  since  biotite  is  one 
of  the  basic  ingredients  for  glauconite  formation  and  carbonaceous  material  would 
help  create  reducing  conditions.  The  Yanac  Member  represents  the  earliest  part  of 
the  rapid  Janjukian  trangressive  phase,  and  its  lower  boundary,  on  micropalaeon- 
tological  evidence,  appears  to  be  synchronous. 

The  Yanac  Member  rests  disconformably  on  the  Knight  Group.  The  junction 
of  the  Yanac  Member  and  Knight  Group  is  sharp  and  easily  discriminated.  The 
Yanac  Member  is  a  green  or  orange  coloured,  fossiliferous,  calcareous,  fine-grained 
sediment  and  thus  contrasts  with  the  grey  sand  or  brown  carbonaceous  sediments 
of  the  Knight  Gorup. 

An  oxidized  rock  unit  at  a  similar  stratigraphic  position  to  the  Yanac  Member 
persists  throughout  much  of  the  Otway  Basin;  in  South  Australia  it  is  referred  to  as 
the  Compton  Conglomerate,  and  in  Victoria  as  the  Clifton  Formation. 

Geera  Clay — 

The  Geera  Clay  receives  its  name  from  the  parish  of  Geera  in  the  E.  part  of 
the  Mallee  Region,  where  the  bore  Geera  No.  1  provides  the  type  subsurface  section. 
This  bore,  drilled  by  the  Mines  Department  during  1961,  cut  the  proposed  forma¬ 
tion  between  490  and  590  ft;  therefore,  it  has  a  thickness  there  of  100  ft.  The 
surface  level  at  the  bore  site  is  approximately  215  ft.  Lithologically,  the  Geera  Clay 
throughout  its  type  section  is  a  light  olive  grey  to  dark  grey,  fossiliferous  clay  in 
which  glauconite  grains  are  common. 

Regionally,  the  Geera  Clay  is  an  olive  grey  to  dark  grey  clay  or  silt  which 
generally  contains  a  poor  fauna.  The  darker  clay  resembles  the  richly  carbonaceous 
clays  of  the  Knight  Group  in  appearance,  but  in  the  Geera  Clay  the  dark  colour  is 
due  to  iron  minerals,  particularly  disseminated  FeS2;  very  little  carbon  is  present. 

Glauconite  and  pyrite  are  the  dominant  iron  minerals,  with  melnikovite,  siderite, 
and  possibly  some  organic-iron  complex  making  up  the  remainder;  gypsum  is  some¬ 
times  present.  Carbonate  is  present  as  the  tests  of  what  is  usually  a  sparse,  de- 
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pauperate  fauna  of  Foraminifera  and  Ostracoda;  lacking  is  the  Bryozoa  so  common 
in  most  other  Tertiary  marine  units  of  the  Murray  Basin. 

It  is  concluded  that  the  Geera  Clay  was  deposited  in  a  shallow  marine  and 
lagoonal  situation  to  which  terrigenous  muds  were  added;  this  would  account  for 
the  poor  fauna  and  the  lithology.  The  fact  that  the  iron  is  almost  exclusively  present 
as  the  ferrous  form  implies  that  the  Geera  Clay  was  deposited  under  reducing 
conditions.  In  the  shallow  seas  which  prevailed  at  that  time,  there  must  have  been 
sufficient  organic  matter,  probably  derived  from  sub-aerial  Knight  Group  outcrops, 
to  deplete  the  oxygen  dissolved  in  the  sea  water  and  reduce  any  ferric  compounds 
to  ferrous  ones. 

Although  relatively  few  bores  have  penetrated  the  Geera  Clay — a  situation 
arising  from  the  depth  at  which  it  occurs,  and  the  presence  of  saline  groundwater 
in  the  overlying  Winnambool  Formation — it  appears  to  be  distributed  over  a  broad 
arc,  landward  from  the  Duddo  Limestone,  from  Nurrabiel  (in  the  Wimmera 
Region)  through  Birchip  and  Nyah  into  New  South  Wales. 

Both  the  Netherby  Marl  and  the  Geera  Clay  correlate,  on  micropalaeontological 
evidence,  with  the  Janjukian  stage.  From  this  and  other  stratigraphic  evidence  it 
appears  that,  to  the  east  and  to  the  north,  the  Netherby  Marl  grades  laterally  into 
the  Geera  Clay.  This  facies  variation  is  sharpest  where  influenced  by  the  tectonic 
control  of  the  Flindmarsh  Fault. 

Briefly,  the  Geera  Clay  is  a  Janjukian  transgressive  deposit  onlapping  and  dis- 
conformably  overlying  the  Knight  Group.  The  boundary  between  it  and  the  Knight 
Group  is  identified  in  the  same  way  as  that  between  the  Netherby  Marl  and  the 
Knight  Group  discussed  above. 

Duddo  Limestone — 

For  the  South  Australian  portion  of  the  Murray  Basin  ‘proper’,  Ludbrook 
(1957)  introduced  three  limestone  formations,  the  Pata  Limestone,  Morgan  Lime¬ 
stone,  and  Mannum  Formation,  all  included  in  the  Murray  Group.  The  type 
localities  for  all  these  formations  are  near  the  W.  margin  of  the  Murray  Basin;  the 
type  sections  of  the  Morgan  Limestone  and  the  Mannum  Formation  are  exposed  in 
cliffs  of  the  Murray  River,  whereas  the  type  section  of  the  Pata  Limestone  is  in  a 
shaft  near  Loxton.  These  outcrops  of  limestone  are  interpreted  as  inner  neritic  and 
littoral  facies,  an  opinion  supported  by  their  position  in  the  basin  and  their  fossil 
assemblage.  In  this  part  of  the  basin  there  have  been  interruptions  to  carbonate 
deposition  expressed  as  localized  disconformities  or  changes  of  lithology,  e.g.  the 
Finniss  Clay,  the  Cadell  Marl  Lens,  and  the  transition  bed  of  glauconitic  sandy 
marl  between  the  Pata  Limestone  and  the  underlying  Morgan  Limestone  at  the 
type  locality  of  the  former. 

Interruptions  to  the  calcareous  suite  of  sedimentation  typical  of  the  W.  margin 
of  the  Murray  Basin  become  less  frequent,  and  eventually  disappear  deeper  in  the 
basin  in  Victoria.  The  exception  is  a  thin  and  discontinuous  marly  and  glauconitic 
bed,  possibly  equivalent  to  the  Cadell  Marl  Lens,  lying  30  to  70  ft  below  the  upper 
surface  of  the  Duddo  Limestone.  E.g.,  in  the  Olney  No.  1  bore  a  marly  limestone 
bed  27  ft  thick  occurs  67  ft  below  the  top  of  the  limestone.  The  limestone  above 
this  marl  bed  is  usually  characterized  by  large  numbers  of  Ditrupa  sp. 

The  rarity  of  changes  in  the  limestone  sedimentation  in  the  Victorian  part  of 
the  Murray  Basin  means  that  the  limestone  formations  of  Ludbrook  (1957)  cannot 
be  lithologically  discriminated  there;  recognition  of  their  equivalents  must  await 
detailed  palaeontological  work.  These  limestone  formations  are  accordingly  regarded 
as  members  of  a  new  all-embracing  formation — the  Duddo  Limestone.  It  is  named 
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after  the  parish  of  Duddo  immediately  N.  of  Murrayville;  the  Duddo  No.  8  bore 
is  selected  as  the  type  section.  The  Duddo  Limestone  encountered  in  this  bore 
between  252  and  609  ft  consists  of  greyish-white  limestone,  varying  in  texture  from 
fine  to  medium-grained  and  containing  some  sand-sized  quartz  grains;  the  dominant 
fossils  are  Bryozoa  and  Foraminifera. 

The  nature  of  the  E.  boundary  of  the  limestone  varies.  North  of  about  the 
latitude  of  Patchewollock  the  limestone  grades  eastward,  with  some  intertonguing, 
into  the  marly  and  silty  fossiliferous  Winnambool  Formation,  but  farther  south  the 
limestone  pinches  out  rapidly  to  the  east  along  a  N.-S.  line,  and  is  replaced  by  the 
Winnambool  Formation.  This  sharp  facies  change  is  accounted  for  by  Cainozoic 
movement  on  a  bedrock  fault — the  Hindmarsh  Fault.  Northward,  towards  the  New 
South  Wales- Victorian  border,  the  Duddo  Limestone  becomes  noticeably  thinner, 
suggesting  that  it  does  not  persist  far  into  New  South  Wales.  The  E.  boundary  of 
the  limestone  is  thought  to  cross  the  Murray  R.  near  Carwarp.  The  Duddo  Lime¬ 
stone  may  well  be  continuous  with  the  Gambier  Limestone  in  the  south  near  the 
junction  of  the  Murray  and  Otway  basins;  the  time  ranges  of  these  two  limestone 
formations  overlap  (Ludbrook  1964,  Fig.  1). 

The  Duddo  Limestone  is  thickest  in  the  far  W.  part  of  the  Mallee  Region 
thickening  from  about  300  ft  in  the  far  south  to  600  ft  in  the  Olney  No.  1  bore! 
Throughout  most  of  its  extent  it  displays  a  regional  dip  towards  the  NW.  corner 
of  Victoria,  but  this  regional  dip  is  reversed  in  the  Murrayville  district  where  move¬ 
ment  on  the  Danyo  Fault  has  resulted  in  a  monoclinal  flexure,  the  Duddo  Limestone 
there  dipping  to  the  south-east. 

The  stratigraphic  relationship  of  the  Duddo  Limestone  to  the  confining  strata, 
although  known  to  vary  from  one  locality  to  another  within  the  Murray  Basin,  is 
consistent  within  the  Mallee  Region,  where  it  rests  conformably  on  the  Netherby 
Marl  and  is  in  turn  overlain  conformably  or  with  possible  disconformity  in  places 
by  the  Bookpurnong  Beds.  The  upper  boundary  of  the  Duddo  Limestone  is  always 
a  sharp  and  easily  discernible  change  downwards  from  greenish  to  grey  clays  and 
silts  of  the  Bookpurnong  Beds  to  the  pale  greyish-white  Duddo  Limestone.  The 
lower  boundary  of  the  Duddo  Limestone  is  not  always  easily  discernible  because 
the  change  from  limestone  to  marl  is  often  gradational.  Electric  logs  have  proved 
to  be  of  value  in  selecting  the  upper  and  lower  boundaries  of  the  Duddo  Limestone, 
which  has  a  more  negative  spontaneous  potential  and  higher  normal  resistivity  than 
for  the  confining  strata. 

The  range  of  lithologies  shown  by  the  Duddo  Limestone  includes  pure  limestone 
to  marly  limestone  and  thin  beds  of  marl,  the  limestone  being  fine-grained  and 
varying  from  calciludite  to  calcarenite.  Using  the  classification  for  limestones  pro¬ 
posed  by  Folk  (1959),  the  Duddo  Limestone  in  the  Mallee  Region  is  generally  a 
sparry  biogenic  calcirudite  (biostparrudite)  or  a  sparry  biogenic  calcarenite;  sparry 
calcite  cement  composed  of  grains  or  crystals  10-60  fx  in  diameter  is  common  in  the 
limestone.  The  biogenic  constituents  consist  of  the  calcareous  remains  of  bryozoans, 
foraminifers,  echinoids,  ostracodes,  pelecypods,  brachiopods,  and  scaphopods.  The 
rock  is  highly  permeable  and  porous  and  is  a  high  yielding  aquifer.  In  each  vertical 
section  there  are  always  several  thin  and  hard,  but  apparently  uncorrelatable, 
bands  in  which  the  calcareous  fossil  remains  are  bonded  together  with  calcareous 
cement.  In  places  thin  beds  of  chert  nodules  are  found;  in  others  there  are  non- 
calcareous  sands,  silts,  and  clays,  but,  except  for  the  clays,  these  are  usually 
insignificant. 

From  the  fossil  assemblage  of  the  Duddo  Limestone  it  is  possible  to  determine 
the  conditions  of  the  marine  environment  in  which  this  formation  was  deposited. 
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Bryozoa,  the  dominant  fossil  group  present,  are  mainly  cellariiform,  indicative  of 
offshore  conditions;  associated  eschariform  Bryozoa  indicate  depths  greater  than 
60  ft  (Stach  1936,  Cheetham  1963).  Still-living  bryozoan  species  found  fossil  in 
the  Duddo  Limestone  indicate  that  the  water  of  the  Murravian  Gulf  at  the  time  of 
limestone  deposition  was  of  normal  salinity,  and  that  the  climate  was  probably 
temperate.  Benthonic  Foraminifera  outnumber  planktonic  ones;  this  and  the  large 
number  of  echinoid  spines  are  further  evidence  for  neritic  conditions. 

Micropalaeontological  examination  of  drilled  sections  of  the  Duddo  Limestone 
in  Victoria  (Chapman  1916,  Crespin  1946)  has  demonstrated  the  time  equivalence 
of  the  Duddo  Limestone  to  the  combined  time  range  of  the  three  units  (?  mem¬ 
bers)  discriminated  in  South  Australia:  Pata  Limestone,  Morgan  Limestone,  and 
Mannum  Formation. 

WlNNAMBOOL  FORMATION - 

East  from  the  Duddo  Limestone  are  contemporaneous  marine  calcareous  sedi¬ 
ments  of  variable  lithology,  here  referred  to  as  the  Winnambool  Formation.  This 
rock  unit  is  named  after  the  gazetted  township  of  Winnambool,  31  miles  S.  of 
Robinvale;  it  is  near  here  that  the  type  bore  section,  Geera  No.  1,  is  located. 

In  this  bore  the  Winnambool  Formation  was  encountered  between  340  and 
490  ft,  a  thickness  of  150  ft.  The  lithology  ranges  from  a  medium  to  light  grey, 
marly  clay  to  marl,  in  which  gastropods  and  pelecypods  are  common,  bryozoan 
skeletons  rare,  and  glauconite  grains  common.  The  lithology  at  the  type  section  is 
more  uniform  than  in  most  other  bore  sections;  elsewhere  it  includes  clays,  silts, 
marls,  and  some  thin  beds  of  limestone;  there  is  often  sufficient  glauconite  present 
to  impart  an  olive  grey  shade  to  the  sediment. 

Our  knowledge  of  the  Winnambool  Formation  is  sparse;  private  bores  sunk  for 
groundwater  have  only  partially  penetrated  it  because  of  the  highly  saline  ground- 
water  it  contains;  relatively  few  official  bores  have  been  sunk  through  it  to  bedrock. 
At  each  of  these  latter  sites  the  Winnambool  Formation  rests  conformably  on  the 
darker,  and  far  less  calcareous  Geera  Clay.  This  boundary  is  arbitarily  selected  at 
the  change  in  depth  from  fossiliferous  calcareous  sediments  to  persistent  relatively 
fossiliferous  non-calcareous  sediments.  The  fossiliferous  dark  grey  to  dark  green 
and  usually  silty  clays  of  the  Bookpurnong  Beds  rests,  probably  conformably,  on 
the  Winnambool  Formation  throughout  much  of  its  distribution. 

Despite  meagre  knowledge,  the  Winnambool  Formation  is  thought  to  cover  a 
broad  arc,  extending  from  S.  of  Hopetoun  through  Tempy  and  Piangil  into  New 
South  Wales.  Towards  the  east  it  lenses  out,  thus  grading  into  the  Geera  Clay  both 
laterally  and  vertically. 

Micropalaeontological  evidence  shows  that  the  Winnambool  Formation  ranges 
from  the  Longfordian  Stage  probably  up  to  and  including  the  Balcombian  Stage. 
From  its  regional  relationships,  its  significant  proportion  of  terrigenous  material, 
and  its  shallow  water  fauna  of  pelecypods,  gastropods,  and  echinoids,  the  environ¬ 
ment  of  deposition  of  the  Winnambool  Formation  is  regarded  as  inner  neritic. 

Bookpurnong  Beds — 

The  Bookpurnong  Beds  were  defined  by  Ludbrook  (1957)  as  red  and  green 
micaceous  and  glauconitic  marls.  They  arc  typically  exposed  in  the  bank  of  the 
Murray  R-,  2£  miles  downstream  from  Loxton,  adjacent  to  section  11,  100  of 
Pyap  (S.A.).  A  drainage  bore  near  Loxton,  on  section  377,  100  of  Gordon, 
provides  the  standard  subsurface  section.  In  the  South  Australian  portion  of  the 
Murray  Basin  the  Bookpurnong  Beds  disconformably  overlie  the  ‘Pata  Limestone 
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Member’  of  the  Duddo  Limestone  and,  in  turn,  are  disconformably  overlain  by  the 
Loxton  Sands.  The  Bookpurnong  Beds  were  assigned  by  Ludbrook  (1964),  on  the 
evidence  of  Mollusca  and  Foraminifera,  to  the  Kalimnan  and  Cheltehamian  Stages, 
i.e.  Upper  Miocene  to  Lower  Pliocene. 

Sediments  similar  to  the  Bookpurnong  Beds  as  defined  by  Ludbrook  (1957), 
yet  showing  certain  deviations  in  lithology  and  age  from  that  of  the  original 
definition,  occur  in  the  Mallee  Region.  The  sense  in  which  the  term  Bookpurnong 
Beds  is  used  here  is  broadened  to  accommodate  the  Victorian  variations  of  this  unit. 
Throughout  the  Mallee  Region  they  consist  of  a  dark  glauconitic  and  calcareous  or 
clayey  silt  containing  carbonate — usually  as  tests  of  Mollusca,  Foraminifera,  and 
Ostracoda.  Biotite  is  often  present,  and  in  places  there  are  stages  of  its  alteration 
to  glauconite  which,  in  turn,  may  be  oxidized  to  limonite  or  ferruginous  clay;  pyrite 
is  rarely  present.  The  Bookpurnong  Beds  form  an  almost  continuous  unit  through¬ 
out  most  of  the  Mallee  Region,  but  they  are  absent  from  the  most  E.  part.  The 
formation  is  thinnest  to  the  south,  in  the  S.  half  of  the  county  of  Weeah,  where  it 
probably  persists  over  several  thousand  square  miles  as  a  5  to  10  ft  thick  clayey 
unit.  Northward  there  is  a  marked  increase  in  the  thickness,  e.g.  in  the  Yatpool 
No.  1  bore  it  is  235  ft  thick  and  in  the  Olney  No.  1  bore  it  is  212  ft  thick. 

The  Bookpurnong  Beds  conformably  overlie  the  Duddo  Limestone  and  the 
Winnambool  Formation  except  for  possible  disconformities  towards  the  S.  margin 
of  the  Murray  Basin.  This  contact  is  generally  distinct,  although  towards  the  east 
the  underlying  Winnambool  Formation  becomes  more  clayey  and  glauconitic 
approaching  the  Bookpurnong  Beds  in  character. 

The  time-range  of  the  Bookpurnong  Beds  is  related  to  some  extent  to  its  thick¬ 
ness.  Where  the  Bookpurnong  Beds  are  thin  (as  in  the  Warraquil  No.  1  bore, 
situated  at  Netherby  S.  of  the  Mallee  Region),  the  microfauna  suggests  correlation 
with  the  Cheltenhamian  stage  alone,  but  where  the  Bookpurnong  Beds  are  thicker 
the  microfaunal  evidence  suggests  correlation  with  the  Kalimnan,  Mitchellian, 
Cheltenhamian  stages  and  sometimes  with  the  Bairnsdalian  stage  as  well.  In  South 
Australia,  Ludbrook  (1957)  correlated  the  Bookpurnong  Beds  on  foraminiferal 
and  molluscan  evidence  with  the  Kalimnan  and  Cheltenhamian  stages.  Accordingly, 
if  the  Bookpurnong  Beds  are  considered  on  a  regional  scale,  both  its  upper  and 
lower  boundaries  are  diachronous,  with  the  formation  as  a  whole  being  progressively 
older  eastward. 

The  presence  of  Elphidium  sp.  and  Miliolidae,  the  fact  that  it  is  the  last  region¬ 
ally  persistent  fossiliferous  marine  formation  in  the  Victorian  portion  of  the  Murray 
Basin,  its  high  proportion  of  terrigenous  material,  and  its  diacroneity  all  suggest  that 
the  Bookpurnong  Beds  are  offlap  deposits  from  the  upper  neritic  to  littoral  zones 
of  the  slowly  retreating  seas  of  the  Murravian  Gulf. 

Diapur  Sandstone — 

The  Diapur  Sandstone,  named  after  the  township  of  Diapur  in  the  Wimmera 
Region,  is  typically  exposed  in  a  railway  cutting  2  miles  W.  of  that  township.  It 
refers  to  the  clastic  regressive  part  of  the  Tertiary  sequence  of  the  Murray  Basin  in 
Victoria.  This  formation  is  similar  to  the  Loxton  Sands  which  were  defined  as 
‘cross-bedded,  coarse,  gritty,  micaceous  sands  with  shelly  bands’  (Ludbrook  1957), 
but  differences  of  lithology  and  fossil  content  warrant  their  separation.  The  Diapur 
Sandstone  is  almost  entirely  fine  to  medium-grained  sand,  slightly  micaceous,  and 
unfossiliferous;  strong  cross-bedding  is  unknown.  The  Diapur  Sandstone  forms  long, 
prominent  topographic  ridges,  which  are  not  apparent  in  the  Loxton  Sands.  The 
junction  of  the  Diapur  Sandstone  and  the  Loxton  Sands,  both  considered  to  be  facies 
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variants  of  the  one  continuous  regressive  sequence,  is  thought  to  lie  somewhere 
in  the  South  Australian  portion  of  the  Murray  Basin. 

The  foregoing  discussion  of  the  Diapur  Sandstone  has  been  largely  based  on 
bore-hole  data  for  it  is  exposed  in  only  a  few  isolated  localities  either  at  blowouts 
or  as  cliffs  (up  to  30  ft  high  at  Red  Bluff  and  Concertina  Rocks  in  the  Big  Desert), 
in  quarries,  as  at  Nyah. 

The  lithology  of  the  Diapur  Sandstone  is  remarkably  uniform.  Mechanical 
analyses  of  outcrops  show  it  to  be  fairly  well-sorted,  fine  to  medium-grained,  and  the 
proportion  of  clay  usually  less  than  15%  except  towards  the  base  where  this 
proportion  is  usually  higher.  Quartz  predominates,  though  there  is  some  felspar 
and  generally  about  2%  by  weight  of  heavy  minerals  including  limonite-coated  quartz 
grains,  zircon,  and  tourmaline.  The  uppermost  10  to  50  ft  of  the  Diapur  Sandstone 


Fig.  6 — Structure  contours  of  the  base  and  the  position  of  the  main  ridges  of  the 
Diapur  Sandstone  in  the  Mallee  Region.  Note,  this  formation  is  absent  in  the  SE. 

corner. 
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is  cemented  with  limonite  imparting  a  light  brown  to  moderate  reddish  brown 
colour;  cementation  by  silica  is  rare.  Generally  there  is  a  zone  at  the  top  where 
the  limonite  has  a  pisolitic  form,  but  the  formation  becomes  mottled  beneath 
this,  the  proportion  of  reddish-brown  mottles  decreasing  with  depth;  the  inter¬ 
granular  interstices  are  rarely  completely  filled. 

The  mobilization  of  iron  and  its  concentration  in  the  upper  part  of  the  Diapur 
Sandstone  is  attributed  to  post-depositional  weathering  processes.  In  fact,  the 
profile  is  at  times  similar  to  a  lateritic  profile  ( sensu  lato).  The  silicified  sandstone, 
known  variously  as  duricrust  (Woolnough  1928),  silcrete  and  ‘grey  billy’,  found  at 
Rock  Holes  in  the  Sunset  Desert  and  common  in  the  SW.  part  of  the  New  South 
Wales  portion  of  the  Murray  Basin,  has  already  been  attributed  a  similar  origin  to 
that  of  laterites  (Northcote  1951). 

Near  the  S.  margin  of  the  basin  the  lateritized  horizon  developed  on  the  Diapur 
Sandstone  rises  up  into  the  Dundas  Highlands  where  it  is  developed  on  the  ‘table¬ 
land’  deposits.  It  is  generally  held  that  the  time  of  laterization  was  Pliocene,  but 
there  is  evidence  of  its  partial  development  on  Quaternary  alluvial  members  in  the 
Northern  Plains.  This  suggests  that  ‘laterization’  in  Victoria,  although  apparently 
active  in  Upper  Pliocene  times,  continued  intermittently  into  the  Quaternary. 

Beneath  the  limonite  cemented  surface  of  the  Diapur  Sandstone,  there  is  very 
little  to  no  limonitic  cement  to  bind  the  quartz  grains  together;  the  formation  is 
then  represented  by  loose  sand.  This  sand  is  yellow  to  reddish-brown  in  colour  for 
depths  ranging  from  50  to  250  ft,  below  which  depth  the  colour  changes  to  greyish 
shades.  This  colour  change  corresponds  to  the  level  of  the  main  water-table, "and  is 
due  to  the  change  from  reduced  iron  compounds  in  the  saturated  zone  below  the 
water-table  to  oxidized  iron  above.  Another  contributing  factor  to  the  colour  change 
may  be  the  increasing  proportion  with  depth  of  the  clay-silt  fraction  in  the  Diapur 
Sandstone. 

The  depth  to  the  water-tables  shows  up  clearly  on  electric  logs  by  a  marked 
decrease  from  the  very  high  normal  resistivity  opposite  the  oxidized  and  unsaturated 
zone  of  the  Diapur  Sandstone  to  much  lower  normal  resistivity  opposite  the  water- 
table  and  its  associated  capillary  zone. 

The  configuration  of  the  Diapur  Sandstone  differs  from  the  other  Tertiary  units 
of  the  Murray  Basin  sequence  in  that  although  it  generally  thickens  from  the  S. 
margin  of  the  basin  towards  the  NW.  corner  of  Victoria,  its  upper  surface  is 
moulded  into  a  series  of  ridges.  These  ridges  are  up  to  several  miles  wide  and  up 
to  200  ft  high,  with  these  two  dimensions  directly  proportional  to  one  another; 
their  profile  may  be  either  simple  and  approximately  symmetrical,  or  complex.  For 
the  Victorian  portion  of  the  Murray  Basin,  the  ridges  of  Diapur  Sandstone  are 
sub-parallel  and  generally  trend  in  a  NNW.-SSE.  direction  (Hills  1939).  The  main 
ridges  forming  prominent  features  on  the  surface  are:  one  ridge  consisting  of  three 
aligned  segments  trending  NW.  from  Galaquil  in  the  south,  through  Patchewollock 
to  Meringur  in  the  north;  the  Tyrrell  Ridge  extending  from  Watchupga  in  the  south 
to  Robinvale  in  the  north  (the  easternmost  of  these  ridges  in  the  Mallee  Region); 
and  the  Cannie  Ridge  which  extends  northward  from  Cannie  into  the  Woorinen 
district  (Fig.  6  and  7). 

Data  from  bores  sited  on  and  beside  the  ridges  of  Diapur  Sandstone  at  Walpeup 
(Mallee  Region),  Kaniva,  Nhill  (Wimmera  Region)  and  Goroke  (Glenelg  Region) 
demonstrate  that  the  configuration  of  the  lower  surface  is  independent  of  that  of 
the  upper  surface.  Structure  contours  drawn  for  the  lower  surface  of  the  Diapur 
Sandstone  in  Fig.  6  show  that  this  surface  generally  slopes  towards  the  Hattah 
district,  where  in  the  Moumpoull  No.  1  bore  it  was  encountered  at  214  ft  below  sea 
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level.  As  suggested  by  Hills  (1939)  tectonism  has  had  some  effect  on  this  surface. 
Uplift  in  the  counties  of  Albert  and  Alfred  in  South  Australia  (Howchin  1929), 
and  uplift  in  association  with  the  Danyo  Fault  has  resulted  in  an  easterly-directed 
dip  for  the  lower  surface  of  the  Diapur  Sandstone  in  the  W.  portion  of  the  Mallee 
Region.  Moreover,  there  appears  to  be  a  N.-S.  anticlinal  structure  within  the  Diapur 
Sandstone  S.  of  Robinvale,  where  the  lower  surface  of  the  sandstone  dips  to  the 
west  and  to  the  east  away  from  this  line. 

The  Diapur  Sandstone  rests  apparently  conformably  on  the  Bookpurnong  Beds. 
The  boundary  is  taken  at  the  change  from  grey,  unfossiliferous  sands  and  silts  of 
the  Diapur  Sandstone  downwards  to  grey  to  olive  grey,  fossiliferous  glauconitic 
clays  and  silty  clays  of  the  Bookpurnong  Beds.  The  one  known  exception  is  in  the 
Murraville-Pinnaroo  district  where  the  sands  immediately  above  the  Bookpurnong 
Beds  contain  marine  calcareous  fossils;  these  sands  are  tentatively  correlated  with 
the  Loxton  Sands. 

Blackburn  (1962a)  suggested  that  ‘the  ridges  represent  dunes  established  at 
successive  coastlines  of  the  former  Murravian  Gulf’;  he  substantiated  this  claim  with 
evidence  that  size-grading  of  the  sandstone  from  the  ridges  is  suggestive  of  an 
aeolian  origin,  and  that  all  the  ridges  have  sub-parallel  alignment  yet  show  terminal 
curvature  near  the  Central  Highlands  and  the  several  monadnocks  of  Palaeozoic 
rocks.  The  ‘stranded  coastal  dune’  hypothesis  is  supported,  in  my  opinion,  by  bore¬ 
hole  data  revealing  that  the  Diapur  Sandstone  immediately  overlies  Tertiary  fossili¬ 
ferous  marine  sediments.  The  Northern  Plains  lack  both  die  Diapur  Sandstone  and 
Tertiary  marine  fossiliferous  sediments.  Their  close  association  elsewhere  is  taken 
to  indicate  some  sort  of  genetic  relationship.  Nevertheless,  there  are  difficulties  with 
this  theory.  There  are  no  fossils  known  in  the  Diapur  Sandstone,  yet  such  material 
would  be  expected.  The  stranded  Pleistocene  coastal  dunes  in  the  Otway  Basin  are 
composed  of  calcareous  aeolianite,  the  comminuted  calcareous  material  having  been 
derived  from  the  remains  of  marine  animals.  But  the  lack  of  fossils,  lime,  or  primary 
aeolian  structures  in  the  Diapur  Sandstone  may  not  preclude  a  dune  origin  because: 

(a)  Fossils  would  be  expected  to  be  scarce  under  conditions  of  rapid  deposition 
and  varying  salinity 

(b)  Calcareous  material  deposited  would  be  comminuted  owing  to  deposition 
in  such  an  environment;  therefore,  it  would  be  more  readily  leached  out 
by  groundwater. 

(c)  Most  important,  the  subsequent  later itization  or  deep  weathering  would 
have  leached  out  all  carbonates  and  obliterated  all  structures  initially  based 
on  carbonate  material. 

Blackburn’s  (1962a)  explanation  of  the  Diapur  Sandstone  ridges  is  not  applic¬ 
able  to  the  origin  of  the  entire  vertical  section  of  this  formation,  for  though  the 
lithology  is  uniform  laterally,  the  grain  size  generally  decreases  in  depth.  This  could 
be  explained  by  the  lower  part  of  the  Diapur  Sandstone  being  deposited  under  off¬ 
shore  to  littoral  conditions,  and  the  upper  material,  forming  the  ridges,  being  shore¬ 
line  deposits.  The  Diapur  Sandstone  and  the  Bookpurnong  Beds,  accordingly, 
would  represent  a  well-developed  regressive  phase. 

Because  of  lack  of  fossils,  the  Diapur  Sandstone  can  be  dated  only  by  con¬ 
sidering  its  stratigraphic  relationship  with  dated  rock  units,  confining  it  laterally 
and  vertically.  It  is  regarded  as  being  in  diachronous  relationship  with  the  under- 
lyng  Bookpurnong  Beds;  at  their  easternmost  extent  these  beds  appear  to  have  been 
deposited  in  the  late  Miocene  times,  but  with  the  retreat  of  the  seas  there  was  the 
cessation  of  marine  deposition  in  Lower  Pliocene  times  in  the  far  NW.  part  of  the 
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Mallee  Region  and  in  adjacent  South  Australia.  Disconformably  overlying  the 
Diapur  Sandstone  is  the  fluvio-lacustrine  Blanchetown  Clay  and  Bungunnia  Lime¬ 
stone  succeeded  by  the  aeolian  Woorinen  Formation  divided  into  a  sequence  of 
aeolian  increments  which  are  considered  to  have  been  deposited  during  dry  and 
windy  phases  of  the  Quaternary  climatic  cycles.  If  this  is  correct,  and  due  allowance 
is  made  for  development  of  the  lateritic  profile,  then  the  Diapur  Sandstone  is 
entirely  pre-Quaternary,  with  deposition  ceasing  an  appreciable  time  before  the 
Pleistocene. 

Wunghnu  Group 

The  Wunghnu  Group  refers  to  the  post-Knight  Group  fluviatile  and  lacustrine 
sediments  of  the  Northern  Plains  and  to  similar  sediments  in  the  Murray  Basin 
W.  of  the  Northern  Plains.  It  is  named  after  the  township  of  Wunghnu,  where 
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Mundoona  No.  1  bore,  selected  as  the  type  sub-surface  section,  was  drilled  by  the 
Mines  Department  in  1960  and  was  continued  and  completed  in  1962. 

The  Wunghnu  Group  is  a  continuous  unit  throughout  the  Northern  Plains 
except  where  broken  by  monadnocks  of  Palaeozoic  rocks.  West  of  the  Northern 
Plains  it  occurs  around  the  N.  margin  of  the  Central  Highlands  and  as  sediments 
filling  stream  valleys.  It  occurs  along  existing  streams  as  the  Coonambidgal  Forma¬ 
tion  in  the  Mallee  Region;  it  is  widespread  in  the  Towaninny-Wycheproof  district, 
parts  of  the  Swan  Hill  district,  and  as  a  broad  belt  trending  SSE.  from  Birchip! 
The  following  driller’s  log  of  a  private  bore  4  miles  S.  of  Wycheproof  shows  the 
diverse  types  of  lithologies  of  the  Wunghnu  Group  and  gives  an  impression  of  its 
thickness: 


Lithologic  Description 

Depth  (ft) 
from  to 

f  Clay 

0  — 

159 

Wunghnu 

Sandstone 

159  — 

171 

Group 

Clay 

171  — 

200 

L  Sand 

200  — 

240 

Brown  coal 

240  — 

330 

Sand 

330  — 

331 

Ligneous  clay 

331  — 

340 

Knight 

Sand,  fine-grained 

340  — 

354 

Group 

Ligneous  clay 

354  — 

388 

Sand,  coarse-grained 

388  — 

413 

Silty  clay 

413  — 

419 

L  Sand,  coarse-grained 

419  — 

421 

Bedrock 

J  Decomposed  granite 
(  Granite 

421  — - 
492  — 

492 

512 

The  upper  surface  of  the  Wunghnu  Group  is  generally  flat  except  for  minor 
rises  and  sinuous  shallow  depressions.  The  lower  surface  of  the  Wunghnu  Group 
rests  with  apparent  disconformity  on  the  Knight  Group  over  most  of  its  extent  but 
close  to  the  outcrop  of  Palaeozoic  rocks  at  Wycheproof  and  Charlton  the  Knight 
Group  is  absent  and  the  Wunghnu  Group  rests  with  angular  unconformity  on  the 
Lower  Palaeozoic  rocks.  The  criterion  used  to  discern  the  boundary  between  the 
Wunghnu  Group  and  the  Knight  Group  is  the  first  sign  in  depth  of  persistent 
carbonaceous  beds  (see  driller’s  log  above). 

The  nature  of  the  junction  of  the  Wunghnu  Group  with  the  Diapur  Sandstone 
is  not  clear  because  of  lack  of  exposures.  It  is  assumed  that  those  units  of  the 
Wunghnu  Group  which  are  contemporary  with  the  easternmost  Diapur  Sandstone 
intertongue  with  it.  The  main  differences  between  these  two  units  are  that  the 
Wunghnu  Group  is  highly  variable  in  lithology,  is  mottled  throughout  its  entire 
section  and  has  a  flat  upper  surface,  whereas  the  Diapur  Sandstone  has  a  relatively 
uniform  lithology,  lacks  mottling  below  a  depth  of  about  50  ft  and  forms  topo¬ 
graphic  ridges. 

It  is  difficult  to  surmise  the  time  at  which  deposition  of  the  Wunghnu  Group 
began,  for  the  few  fossils  found  so  far  are  not  diagnostic  of  age.  All  that  is  known 
is  that  there  is  continuous  facies  relationship  across  the  Northern  Plains  and  the 
Mallee  Region,  and  that  the  Wunghnu  Group,  therefore,  probably  includes  fluviatile 
and  lacustrine  sediments  of  the  same  age  as  the  Diapur  Sandstone,  Bookpurnong 
Beds,  Winnambool  Formation,  and  Geera  Clay  to  the  west.  But  to  what  extent 
time  equivalents  of  these  latter  are  represented  cannot  be  ascertained. 
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Numerous  paleosols  within  the  Wunghnu  Group  itself  indicate  diastems  appar¬ 
ently  caused  by  a  combination  of  shifting  stream  patterns,  climatic  changes,  and 
tectonic  movement. 


Quaternary  Aeolian  Deposits 

Lowan  Sand — 

The  Lowan  Sand  is  named  after  the  county  of  Lowan  where  it  is  exposed  over 
large  areas.  Widely  spaced  traverses  show  it  to  be  a  greyish-yellow,  fine  to  medium¬ 
grained,  siliceous  sand  with  a  high  degree  of  sorting  (most  pronounced  near  the 
crest  of  the  dunes),  low  kurtosis,  and  positive  skewness.  Quartz  is  the  predominant 
mineral,  usually  more  than  98%  by  weight;  the  quartz  grains  are  characteristically 
frosted  and  of  high  sphericity;  the  most  common  accessory  minerals  are  muscovite, 
zircon,  and  tourmaline. 

In  Victoria,  the  Lowan  Sand  is  mainly  localized  as  huge  ‘tongues’  extending 
eastward  from  South  Australia.  Of  these  tongues,  the  N.  two  lie  within  the  Mallee 
Region  forming  the  Big  Desert  and  the  Sunset  Desert  (Fig.  8). 

The  Lowan  Sand  is  blown  into  dunes,  generally  15  to  30  ft  high,  displaying  an 
irregular  pattern;  vegetation  is  scant,  the  sand  continuing  to  move  eastward  under 
the  influence  of  strong  westerly  winds.  The  instability  of  these  dunes  has  prevented 
pronounced  soil  development,  although  in  the  swales  there  are  signs  of  slight  clay 
illuviation.  Separating  the  dunes  are  swales  and  a  few  extensive  sand  plains.  Because 
of  the  irregular  topography  of  the  Lowan  Sand,  its  thickness  varies  considerably 
from  a  few  feet,  to  probably  about  100  ft  for  some  of  the  largest  dunes.  The  upper 
surface  of  the  Diapur  Sandstone,  where  the  Lowan  Sand  rests  disconformably,  has 
much  more  subdued  topography  than  where  buried  by  the  Woorinen  Formation. 
This  is  considered  to  be  due  to  the  more  extensive  deflation  within  the  ‘Deserts’, 
where  the  Lowan  Sand  occurs,  than  outside  them. 

The  source  of  the  Lowan  Sand  has  been  variously  attributed.  Crocker  (1946) 
concluded  that  what  is  here  termed  the  Lowan  Sand  is  the  re-sorted  quartzose 
A  horizon  of  former  dunes  of  the  Bridgewater  Formation  stripped  by  wind  during 
an  arid  period.  Sprigg  (1952,  1959)  found  a  progressive  decrease  northward  in  the 
lime  concentration  and  a  complementary  increase  in  the  quartz  content  of  the 
dunes  of  the  Bridgewater  Formation.  He  suggests  that  the  sand  has  been  winnowed 
from  the  Bridgewater  Formation  and  has  migrated  eastward  under  the  influence  of 
strong  winds.  However,  reconnaissance  mapping  of  the  Lowan  Sand  has  not 
revealed  significant  regional  variation  of  grain  size  or  shape  (confirmed  by  Black¬ 
burn  pers.  comm.)  that  would  support  Crocker’s  and  Sprigg’s  suggestion  for  the 
origin  of  the  Lowan  Sand. 

Hills  (1939)  was  of  the  opinion  that  the  Lowan  Sand  is  the  erosive  product  of 
the  Diapur  Sandstone.  This  conclusion  is  substantiated  by  the  similarity  of  the 
Lowan  Sand,  texturally  and  mineralogically,  to  the  Diapur  Sandstone.  Furthermore, 
the  Lowan  Sand  is  always  closely  associated  with  the  Diapur  Sandstone  both  within 
and  outside  the  ‘Deserts’. 

The  age  of  the  Lowan  Sand  is  considered  to  cover  most  of  the  Quaternary 
period.  It  is  considered  that  during  Quaternary  times,  climatic  conditions  become 
conducive  to  the  breakdown  of  the  Diapur  Sandstone,  and  that  this  process,  com¬ 
bined  with  migration  of  the  dunes,  has  continued  to  the  present. 

The  Lowan  Sand,  as  defined  here,  does  not  include  all  outcropping  loose  sand 
in  the  Murray  Basin,  for  there  is  frequently  sand  at  the  crests  of  the  E.-W.  dune 
chains  that,  in  fact,  belongs  to  the  Piangil  Member  of  the  Woorinen  Formation. 
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I  Woorinen  Formation  Reddish-brown  sandy  clay  fo  clayey  sand, 
kunkar  horizons  (easl-wesi  dune  chains') 


J  Lunelle 


Leveed  prior  stream 

'S  Lacuslrine  deposits 

lr^|  Coonambidgal  formation: 

Terraced  alluvial  clay,  s ill  and  sand 
(Associated  with  Ihe  Murray  Drainage  System) 


j  *, *  »*  |  Lowan  Sands.  Fine  lo  medium-grained,  yellow  siliceous  sand 
(jumbled  dunes ) 


Gypsum  -Ihin,  and  beds  of  gypsile 

Fig.  8 — Distribution  of  Quaternary  rock-units  in  the  Mallee  Region. 
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Woorinen  Formation — 

The  aeolian  landscape  W.  of  the  Riverine  Plain,  except  for  the  Lowan  Sand, 
consists  of  pale  to  dark  reddish-brown,  calcareous  sandy  clay  and  clayey  sand  in 
which  at  least  five  superimposed  soils  are  present.  The  name  proposed  for  these 
sediments  is  the  Woorinen  Formation,  named  after  the  township  of  Woorinen  W.  of 
Swan  Hill;  a  low  E.-W.  trending  dune  in  the  N.  part  of  allotment  8,  section  B, 
parish  of  Tyntynder  is  selected  as  the  type  locality;  the  choice  is  based  on  strati¬ 
graphic  work  by  Churchward  (1960).  At  this  locality,  hand-drilling  into  the  dune 
has  shown  that  the  Woorinen  Formation  persists  for  more  than  20  ft.  Soil  develop¬ 
ment  on  each  aeolian  layer  leaves  only  thin  zones  of  unweathered  Woorinen  Forma¬ 
tion.  In  the  Woorinen  district,  the  unaltered  zones  are  usually  less  than  2  ft  thick; 
the  shallowest  of  these  lies  at  a  depth  of  4  to  5  ft.  The  unaltered  material  consists 
of  calcareous  sandy  clay  resting  disconformably  on  earlier  soils. 

The  upper  surface  of  the  Woorinen  Formation  is  moulded  by  wind  into  various 
forms;  the  most  widespread  and  characteristic  of  these  are  the  E.-W.  dune  chains 
which  consist  of  aligned  unit  dunes,  typically  several  hundred  feet  wide,  10  to  50 
chains  long,  and  10  to  30  ft  high.  In  profile  they  are  asymmetrical,  with  the  S.  slope 
steeper  than  the  N.  slope.  The  distance  between  dune  chains  generally  ranges  from 
10  to  80  chains. 

Although  the  dune  chains  almost  certainly  formed  parallel  to,  rather  than 
transverse  to  the  dominant  wind  directions,  they  cannot  be  classed  as  typical  longi¬ 
tudinal  dunes.  They  are  close,  in  fact,  to  Bagnold’s  (1960)  ‘tear-drop’  longitudinal 
dune  chains,  which  he  thought  to  be  due  to  winds  shifting  in  direction  by  more  than 
90°.  The  dunes  in  the  Mallee  Region  have  formed  under  the  influence  of  winds  with 
a  westerly  vector;  under  the  present  wind  regimen  the  dunes  of  Lowan  Sand  are 
moving  eastward. 

The  shape  and  frequency  of  the  dune  chains  in  the  Mallee  Region  are  variable. 
In  the  far  NW.  the  dunes  are  prominent  and  separated  by  narrow  swales,  but  to  the 
SW.  the  dunes  are  much  more  subdued  in  form  and  are  separated  by  broad  swales. 
E.g.,  in  the  Waitchie-Ultima  district  the  dunes  are  low,  elliptical  to  circular  hum¬ 
mocks;  near  Brim  the  Woorinen  Formation  is  a  featureless  sheet. 

Throughout  much  of  its  distribution  within  the  Mallee  Region,  the  Woorinen 
Formation  rests  disconformably  on  the  Blanchetown  Clay  or  Bungunnia  Limestone; 
where  these  are  missing  it  rests  disconformably  on  the  ‘lateritized’  surface  of  the 
Diapur  Sandstone.  The  topography  is  a  composite  of  the  closely  spaced  parallel 
E.-W.  Woorinen  Formation  dune  chains  and  the  more  irregularly  spaced  NNW.- 
SSE.-trending  ridges  of  the  buried  Diapur  Sandstone. 

Churchward  (I960,  1961a,  1961b,  1963a,  1963b),  on  pedological  criteria, 
provided  a  rational  means  of  differentiation  of  the  Woorinen  Formation  into  mem¬ 
bers.  Hills  (1939)  had  previously  suggested  that  the  lime  rich  bands  in  the  dunes 
represented  illuvial  soil  horizons  and  that  the  intervening  layers  of  relatively  non- 
calcareous,  siliceous  material  were  eluviated  horizons.  He  further  postulated  that  a 
series  of  arid  periods  contributed  to  dune  formation  and  that  these  periods  alter¬ 
nated  with  those  of  more  humid  conditions  during  which  soils  were  developed. 
This  interpretation  has  been  endorsed  by  Butler  (1956,  1958,  1959),  and  later  by 
Churchward  (1960,  1961a,  1961b,  1963a,  1963b)  who  has  recognized  five  super¬ 
posed  aeolian  accumulations  disconformable  to  one  another  in  the  E.-W.  dunes  to 
the  NW.  of  Swan  Hill.  Churchward  named  these  aeolian  layers,  in  order  of  increasing 
age;  the  Piangil,  Kyalite,  Speewa,  Bymue,  and  Tooleybuc  layers.  These  layers  are 
referred  to  in  this  paper  as  formal  members  of  the  Woorinen  Formation.  Church¬ 
ward’s  names  have  been  adopted  for  these  members  except  for  the  Tooleybuc  layer; 
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this  is  here  termed  the  Miralie  Member  because  the  name  ‘Tooleybuc’  has  been 
used  already  for  a  stratigraphic  unit  elsewhere  in  Australia. 

Each  of  the  members  of  the  Woorinen  Formation  is  parallel  or  sub-parallel  to 
the  ground  surface.  The  crest  of  any  member  is  characteristically  displaced  to  the 
east  and  south  of  the  crest  of  the  next  oldest  member.  This  skewed  relationship  of 
members  within  a  dune  is  most  pronounced  in  the  W.  part  of  the  Mallee  Region 
where  erosional  truncation  of  one  or  several  members,  especially  on  the  N.  and  W. 
slopes  of  dunes,  has  exposed  the  limey  B  horizons,  variously  known  as  calcrete, 
kunkar,  caliche,  or  travertine. 

Miralie  Member — 

Named  after  the  township  of  Miralie  in  N.  Victoria,  the  Miralie  Member  is 
synonymous  with  the  Tooleybuc  layer  of  Churchward  (loc.  cit.),  a  name  pre¬ 
occupied  for  stratigraphic  use.  It  appears  to  be  derived  from  similar  parent  material 
to  the  younger  members,  but  is  more  deeply  weathered. 

Bymue  Member — 

The  Bymue  Member  is  a  weathered  calcareous,  clayey-sand  stratum  buried 
disconformably  below  the  Speewa  Member.  It  is  named  after  the  parish  of  Bymue  in 
New  South  Wales;  it  occurs  typically  at  the  crest  of  an  E.-W.  dune,  8  miles  NE.  of 
Tooleybuc  Village  (N.S.W.)  where  it  is  buried  disconformably  beneath  the  22-in. 
thick  Kyalite  Member,  no  Speewa  Member  being  present  there. 

Speewa  Member — 

The  Speewa  Member  is  a  calcareous  clayey  sand,  named  after  the  township  of 
Speewa,  N.S.W.,  where  it  occurs  at  the  type  locality  of  the  Kyalite  Member,  but 
buried  beneath  it  in  the  same  dune;  it  outcrops  in  the  swales  adjacent  to  this  dune. 
Where  it  is  weathered,  mobilization  of  the  calcareous  and  clayey  constituents  by 
pedogenic  processes  has  caused  marked  profile  differentiation.  It  is  known  from 
field  observations  to  contain  a  larger  proportion  of  sand  in  the  far  NW.  part  of 
the  Mallee  Region  than  in  the  SE.  part.  Churchward  (1963a)  demonstrated  that 
the  Speewa  Member  in  the  swales  NW.  of  Swan  Hill  is  bimodal  with  maxima  coin¬ 
ciding  with  very  fine-grained  sand  and  medium-grained  sand,  whereas  at  the  crests 
of  the  dunes  it  is  unimodal,  being  mainly  coarse-grained  sand.  Unlike  the  younger 
Piangil  and  Kyalite  Members,  the  Speewa  Member  persists  across  the  swales,  where 
it  usually  outcrops.  It  also  outcrops  in  the  SE.  part  of  the  Mallee  Region  where  the 
Woorinen  Formation  has  a  hummocky  form. 

The  thickness  of  the  Speewa  Member  varies;  it  is  thickest  on  the  E.  and  S. 
slopes  of  dunes  and  hummocks  where  it  may  be  10  ft  thick;  it  is  thinnest  on 
N.  and  W.  slopes  exposed  to  wind  erosion.  Often  on  N.  and  W.  slopes  of  E.-W. 
dunes,  particularly  in  far  NW.  Victoria,  erosion  has  exposed  the  lime-enriched  B 
horizon. 

Soil  development  on  the  Speewa  Member  is  considerable;  the  degree  of  soil 
development  varies,  being  greatest  in  the  far  NW.  part  of  the  State.  The  variation 
in  soil  development  is  thought  to  have  been  mainly  influenced  by  the  permeability 
of  the  Speewa  Member;  this  is  higher  in  the  W.  part  of  the  Mallee  Region,  where  it 
becomes  coarser-grained.  Churchward  (1963b)  indicates  that  for  the  Swan  Hill 
district,  lime  has  been  leached  from  at  least  the  top  14  in.;  the  clay  maximum 
there  is  at  a  depth  of  more  than  9  in.  and  is  associated  with  pedal  development. 

The  Kyalite  Member,  named  after  the  Kyalite  (Edward)  R.  in  New  South 
Wales,  is  a  brownish  to  reddish-brown,  sometimes  greyish  brown,  calcareous  clayey 

Kyalite  Member — 
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sand  forming  an  asymmetric  capping  to  the  E.-W.  dunes  and  associated  hummocks. 
Its  type  locality  occurs  on  an  E.-W.  dune  near  the  S.  boundaries  of  allotments  33, 
34,  35,  and  36,  parish  of  Tyntynder.  The  Kyalite  Member  disconformably  underlies 
the  Piangil  sand;  it  rests  disconformably  on  the  weathered  Speewa  Member,  except 
where  erosion  has  truncated  this  member.  The  thickness  of  the  Kyalite  Member 
varies;  in  railway  and  road  cuttings  in  the  Victorian  portion  of  the  Murray  Basin 
it  is  seen  to  be  usually  1  to  13  ft  thick,  but  Churchward  (1963a)  found  in  the 
Woorinen  district  that  it  ranged  up  to  5  ft  thick  and  was  thickest  on  the  S.  and 
the  E.  slopes  of  dunes. 

Insufficient  mechanical  analyses  of  the  Kyalite  Member  prevent  comment  on 
regional  textural  trends,  but  within  each  dune  profile  of  the  member  there  is  a 
characteristic  pattern  in  grain  size.  In  the  dunes  to  the  NW.  of  Swan  Hill,  e.g.  the 
median  grain  size  grades  from  very  fine  sand  in  the  swales  up  to  medium-grained 
sand  at  the  crest  of  the  dunes  (Churchward  1963a). 

The  differentiation  of  the  soil  profile  is  only  slight;  lime  has  been  leached  from 
the  top  few  inches,  the  clay  maximum  is  at  a  depth  of  about  3  in.,  and  there  is  no 
pedal  development  (Churchward  loc.  cit.).  The  Kyalite  Member,  unlike  older 
members,  is  relatively  homogeneous,  owing  to  this  limited  soil  development;  lime 
cement  binds  the  member  togther.  The  lime  occurs  as  hollow  tubules,  pseudo- 
morphic  after  roots  and  rootlets,  which  have  since  decayed. 

Piangil  Member — 

The  Piangil  Member,  named  after  the  township  of  Piangil,  is  the  youngest 
member,  and  consists  of  loose  yellowish-orange  sand.  Its  type  locality  is  at  the 
crest  of  an  E.-W.  dune,  1  mile  NW.  of  Piangil  township  in  allotment  142,  parish  of 
Piangil.  It  occurs  typically  at  the  crests  of  dunes  and  has  built  up  against  such 
obstacles  as  vegetation,  fences,  and  buildings.  Due  to  truncation  by  erosion  it 
probably  rests  on  all  members  of  the  Woorinen  Formation,  though  it  most  com¬ 
monly  rests  on  the  Kyalite  Member.  It  is  typically  less  than  5  ft  in  thickness  but 
probably  exceeds  40  ft  in  places.  It  shows  no  soil  development,  but  primary 
structures  including  cross-bedding  are  present. 

Soil  Development  on  Members  of  the  Woorinen  Formation 

The  members  of  the  Woorinen  Formation  are  similar  in  lithology  and  form; 
their  recognition  requires  knowledge  of  their  vertical  relationships  to  other  members 
and,  most  important,  their  degree  of  soil  differentiation.  The  discussion  below  refers 
to  the  far  E.  part  of  the  Mallee  Region  where  the  Woorinen  Formation  is  more 
clayey  than  elsewhere.  Here,  Churchward  (1960,  1961,  1963a,  1963b,  1963c)  has 
described  both  outcropping  and  buried  soils  in  detail;  the  following  remarks  are 
largely  a  synthesis  of  his  work. 

Soil  profiles  are  developed  on  all  members  except  the  Piangil  Member,  obliter¬ 
ating  depositional  bedding  and  texture.  Several  trends  of  profile  differentiation  have 
occurred  to  varying  degrees.  The  calcite,  which  was  originally  dispersed  throughout 
each  member,  has  been  mobilized  and  leached  down  the  profile  to  give  a  lime  pan 
or  concretionary  calcite  horizon  of  kunkar;  the  oldest  horizons,  naturally  enough, 
have  been  most  affected  by  this  process.  Clay  mobilization  and  soil  structure 
development  follow  the  same  trend. 

Because  the  degree  of  soil  development  increases  directly  with  the  age  of  the 
member  in  which  it  is  developed,  Churchward  (1963b)  concluded  that  the  relative 
durations  of  the  soil-forming  periods  were  Miralie  >  Bymue  >  Speewa  >  Kyalite. 
Other  factors,  however,  have  influenced  soil  differentiation.  Because  of  the  thinness 
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of  members,  weathering  may  be  a  cumulative  process  whereby  there  is  continued 
mobilization  of  elements  and  re-organization  of  structure  of  buried  members  owing 
to  the  movement  through  them  of  groundwater. 

Correlation  of  the  aeolian  sequences  of  the  Mallee  Region  with  the  Quaternary 
time  scale  requires  several  assumptions.  Firstly,  it  is  assumed  that  the  Quaternary 
climatic  cycles  of  the  Northern  and  Southern  Hemispheres  were  in  phase.  It  is 
further  assumed  that  these  cycles  have  some  expression  in  the  regional  stratigraphy; 
this  influence  has  been  the  subject  of  controversy.  The  lime  present  in  the  Woorinen 
Formation  is  considered  by  Crocker  (1946)  to  have  been  wind  winnowed  from  the 
calcareous  aeolianitic  Bridgewater  Formation  under  the  influence  of  strong  westerly 
winds.  If  the  genetic  relationship  between  the  Bridgewater  Formation  and  the 
Woorinen  Formation  is  correct,  then  dating  of  the  Bridgewater  Formation  would 
enable  dating  of  the  Woorinen  Formation;  but  this  genetic  relationship  remains  to 
be  proved.  Some  workers  are  of  the  opinion  that  the  stranded  coastal  dunes  of  the 
Bridgewater  Formation  formed  during  interglacials,  whereas  others  consider  them 
to  have  formed  during  glacials. 

Butler  (1956)  has  applied  the  lithogenetic  term  ‘parna’  to  aeolian  clay  present 
in  the  Widgelli  Member  in  the  Riverine  Plains  to  distinguish  it  from  loess,  which 
in  the  strict  sense  must  be  regarded  as  silt-sized  wind-blown  material.  The  pama 
is  considered  to  be  derived  by  deflation  of  soils  during  the  unstable  phase  of  the 
K  cycle  of  Butler  (1959);  these  unstable  phases  alternated  with  stable  phases 
during  which  soils  were  developed,  the  stable  phase  being  correlated  with  humid 
conditions  and  the  unstable  phase  with  arid  conditions.  Movement  of  dust  continues 
to  act  to  a  minor  degree  at  the  present  time,  having  been  accelerated  by  human 
activity.  It  is  associated  with  strong  turbulent  wind  flowing  over  the  drier  regions 
of  inland  Australia,  with  duststorms  more  prevalent  during  dry  than  wet  years 
(Loewe  1943). 

Perhaps  the  most  feasible  hypothesis  concerning  the  Quaternary  climates  is  that 
of  migrating  climatic  belts.  It  is  generally  assumed  (Keble  1947,  Fairbridge  & 
Teichert  1952)  that  during  the  glacial  phases  climatic  belts  migrated  equatorwards, 
bringing  temperate  and  wet  (pluvial)  conditions  to  lower  latitudes. 

Sprigg  (1959,  1964)  claims  that  the  coastal  dune  system  fossilized  the  low  sea 
level  coasts  of  the  glacial  phases  and  that,  at  this  time,  ‘loessial  lime’  was  carried 
inland  and  lunettes  formed.  He  believes  that,  although  the  conditions  were  wetter 
during  the  glacial  phases,  the  winds  were  stronger  and  came  from  the  west.  This, 
he  claims,  would  account  for  the  position  of  lunettes,  their  relation  to  lakes  and  the 
trend  of  E.-W.  dunes.  It  is  my  opinion  that  these  aeolian  features  could  equally 
have  been  formed  under  a  wind  regimen  identical  with  that  presently  operating. 

Lunettes 

Lunettes,  or  crescent-shaped  dunes,  border  the  E.  side  of  existing  lakes  and 
ancestral  lakes.  In  plan  they  are  concave  to  the  west;  their  height  decreases  from 
the  centre  towards  their  N.  and  S.  ends;  their  windward  slope  (lake  side)  is  usually 
steeper  than  the  lee  slope.  Lunettes  in  the  Mallee  Region  range  in  height  from  a 
few  feet  up  to  100  ft,  and  in  length  from  a  few  chains  to  about  15  miles.  There 
may  be  only  one  lunette  adjacent  to  a  lake,  e.g.  alongside  the  ancestral  lake  at  Pine 
Plains,  or  there  may  be  a  series  of  lunettes,  e.g.  alongside  L.  Albacutya  where  four 
lunettes  are  probably  present.  Where  there  is  a  series  of  lunettes  they  are  generally 
sub-parallel  with  their  radii  converging  to  a  common  point.  Lunettes  up  to 
15  miles  E.  of  the  present  E.  shore  of  L.  Tyrrell  are  interpreted  as  lunettes  of  a 
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huge  ancestral  L.  Tyrrell.  L.  Timboram  and  L.  Walpole,  and  their  associated 
gypsum  flats,  are  accordingly  regarded  as  relict  lakes  occupying  depressions  between 
lunettes  of  the  ancestral  L.  Tyrrell. 

The  lunettes  consist  of  clay,  silt,  and  sand;  gypsum  or  calcium  carbonate 
horizons  may  be  present.  The  lunettes  alongside  L.  Albacutya  consist  of  sand, 
whereas  those  in  the  Kerang  district  consist  of  clay  and  fine-grained  sand  (Baldwin’ 
Burvill,  &  Freedman  1939).  Mature  soils  are  developed  on  some  of  the  main 
lunettes  and  in  some,  especially  near  the  S.  and  N.  ends  of  lakes,  buried  soils  are 
present. 

Contradictory  explanations  for  the  genesis  of  lunettes  have  been  presented.  Hills 
(1939,  1940)  considers  that,  when  the  lake  was  full,  atmospheric  dust  of  regional 
origin  was  captured  by  spray  droplets  derived  from  the  lake;  this  dust  dropped  to 
form  the  lunette.  By  contrast,  Stephens  &  Crocker  (1946)  consider  that  lunettes  are 
derived  from  material  blown  from  the  dry  floor  of  the  lake.  In  support  of  the  ‘full 
lake’  theory,  Hills  (1939)  reasons  that  it  would  be  improbable  for  aeolian  surface 
drift  and  saltation  to  produce  the  regular  form  of  the  lunette  and  further,  that  the 
material  of  the  lake  floor  is  so  fine-grained  that  when  the  lake  is  dry,  much  of  it 
would  undoubtedly  be  lifted  into  the  air  by  strong  winds  and  carried  to  remote 
areas. 

A  cogent  refutation  of  the  ‘full  lake’  theory  for  genesis  of  lunettes  is  presented 
by  Stephens  &  Crocker  ( 1946),  who  maintain  that  the  sand  of  which  some  lunettes 
are  composed  is  too  coarse  to  be  moved  by  saltation  and  probably  was  moved  by 
surface  creep.  They  also  remark  that  clay  dust  is  not  composed  of  ultimate  particles, 
but  of  aggregates  which  behave  like  sand  grains  in  being  transported  by  saltation 
and  surface  drift.  Indeed,  I  have  found  that  lunettes  may  contain  laminated 
aggregates  similar  to  the  dry  clay  aggregates  found  on  the  lake  floors.  The  presence 
of  gypsite  in  these  lunettes  alongside  the  gypsum  flats  is  regarded  as  additional 
evidence  for  lunette  material  being  derived  mainly  from  the  depression’s  floor.  In 
the  L.  Boga  district  there  are  very  low  lunettes  alongside  areas  not  covered  by 
water  but  where  the  water-table  is  sufficiently  shallow  to  lie  within  the  capillary 
fringe.  Under  these  conditions,  salts  may  well  have  precipitated  at  the  surface 
causing  thinning  of  the  vegetation,  and  thus  allowing  westerly  winds  to  carry  salts 
and  clay  aggregates  eastward  to  build  up  a  lunette. 

Multiple  lunettes  are  explained  by  recession  of  the  old  shore  line;  each  lunette 
formed  individually,  the  oldest  being  farthest  from  the  lake  and  the  youngest  being 
the  closest.  Lake  recession  would  be  followed  by  encroachment  of  vegetation,  which 
would  help  trap  the  moving  material,  thereby  enhancing  the  rate  of  accumulation. 

The  stratigraphy  of  the  lunettes  is  known  only  in  a  general  way.  Probably  most 
prominent  lunettes  in  the  Mallee  Region  pre-date  the  earliest  phases  of  the  Coonam- 
bidgal  Formation.  This  is  shown  for  instance  at  Swan  Hill  where  the  ancestral  Loddon 
evades  a  large  lunette  to  flow  around  its  S.  end.  Paleosols  within  lunettes  are 
expected  to  provide  the  best  means  of  correlating  the  stratigraphy  of  the  lunettes 
with  that  of  the  Woorinen  Formation,  but  at  present  the  relation  between  the  periods 
of  lunette  building  and  the  development  of  the  E.-W.  dunes  is  not  known.  It  is 
obvious,  however,  that  the  lunettes  formed  when  the  winds  were  dominantly 
westerly.  Sprigg  (1959)  claims  that  the  lunettes  were  deposited  during  humid 
phases  when  the  winds  were  dominantly  westerlies  due  to  equatorwards  migration 
of  the  anticyclonic  belt.  Climatic  fluctuations,  nevertheless,  may  have  had  little 
effect  on  lunette  formation;  the  arrangement  of  multiple  lunettes,  for  instance, 
suggests  a  progressive  decrease  in  lake  size  with  the  climate  becoming  progressively 
drier  since  lunette  formation  began. 
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Quaternary  Alluvial  Deposits 

Blanchetown  Clay  and  Bungunnia  Limestone — 

Both  the  Blanchetown  Clay  and  Bungunnia  Limestone,  defined  by  Firman 
(1965),  are  Pleistocene  lacustrine  deposits  found  in  association  with  one  another, 
and  limited  to  the  NW.  part  of  the  Mallee  Region  and  adjacent  South  Australia 
on  the  downthrow  side  of  the  Murrayville  monocline;  they  occur  between  the  ridges 
of  Diapur  Sandstone,  but  not  on  them. 

The  Blanchetown  Clay  is  a  light  grey  to  weak  red  clay  to  clayey  sand  in  which 
crustacean  fragments  are  rarely  found.  It  rests  disconformably  on  either  the  Diapur 
Sandstone  or  a  lower  unit  of  the  Lowan  Sand.  Although  usually  less  than  20  ft 
thick,  it  ranges  up  to  a  maximum  thickness  of  60  ft  in  the  banks  of  the  Murray  R. 
at  Red  Cliffs.  Resdng  conformably  on  the  Blanchetown  Clay  is  the  less  widespread, 
thin  bedded,  dolomitic  Bungunnia  Limestone;  carapaces  of  the  ostracode  Cypris 
praenuncius  (identified  Chapman  1936)  and  algal  structures  are  common.  The 
Bungunnia  Limestone  is  overlain  by  part  at  least  of  the  Woorinen  Formation. 

Wunghnu  Group 

The  alluvial  sediments  found  in  the  Mallee  Region  and  widespread  in  the 
Wycheproof-Teddywaddy  district  were  discussed  earlier  under  the  Tertiary  part 
of  the  Wunghnu  Group.  This  discussion  was  concerned  with  the  broader  aspects  of 
subsurface  data.  The  following  discussion  concentrates  on  the  younger,  and  gener¬ 
ally  outcropping,  Quaternary  units  of  the  Wunghnu  Group. 

Shepparton  Formation — 

The  Shepparton  Formation  is  proposed  for  those  essentially  alluvial  sediments 
of  the  Murray  Basin  that  are  older  than  the  Coonambidgal  Formation;  it  forms  part 
of  the  Wunghnu  Group. 

Named  after  the  city  of  Shepparton,  the  Shepparton  Formation  is  typically 
exposed  nearby  in  the  E.  bank  of  the  Goulburn  R.  near  the  S.  boundary  of  allot¬ 
ment  59,  parish  of  Kialla,  where  it  is  represented  by  over  30  ft  of  fine-grained 
alluvial  sediments  marked  at  the  top  by  a  soil  overlain  by  the  thin  and  discontinuous 
Widgelli  Member.  The  sequence  of  fine-grained  sediments  is  broken  by  two 
further  paleosols,  enabling  a  further  subdivision  into  members:  Kialla  Member, 
Katandra  Member,  and  Quiamong  Member.  The  youngest  member  of  the  formation, 
the  Mayrung  Member,  is  absent  from  this  section. 

In  Victoria,  the  Shepparton  Formation  is  limited  to  the  Northern  Plains  and 
the  alluvial  valleys  of  N.-flowing  streams  in  the  Central  Highlands.  It  is  rare  in 
the  E.-W.  dune  system,  where  it  is  invariably  buried.  The  geomorphology  of  the 
Northern  Plains  is  a  reflection  of  the  upper  surface  of  the  Shepparton  Formation, 
which  is  in  places  buried  beneath  a  veneer  of  a  sixth  member  of  this  unit,  the 

aeolian  Widgelli  Member.  .  ,  „  .  , 

The  best  known  members  of  the  Shepparton  Formation  are  its  shallowest  and 
vounsest  members,  the  Quiamong  and  Mayrung  Members;  these  deposits  and  facies 
variations  have  been  described  by  Butler  (1958).  Older  members  are  assumed  to 
have  been  derived  from  similar  streams  despite  the  absence  of  known  levee 
deposits  associated  with  them.  The  prior  stream  deposits  consist  mainly  of  clays 
and  silty  clays,  but  there  are  also  sands  and  rare  gravels.  The  sands  may  extend 
through  the  whole  vertical  section  of  the  prior  stream  deposits,  or  they  may  occur  as 
a  thin  extensive  sheet  at  their  base,  grading  upward  into  finer  material. 

These  prior  stream  deposits  doubtless  had  a  similar  provenance  to  the  Recent 
deposits  of  existing  streams,  the  former  and  present  drainage  regimes  having  essen- 


548  C.  R.  LAWRENCE 

tially  the  same  catchments  on  fine-grained  Palaeozoic  sediments,  metasediments 
and  granites  of  the  Central  Highlands,  blanketed  in  places  by  late  Pliocene  and 
Pleistocene  basalt  flows. 

Like  the  existing  streams,  the  prior  streams,  at  least  in  their  final  and  aggrading 
phase,  displayed  high  sinuosity.  Occasionally,  the  point  bar  pattern  is  visible  at  the 
surface,  demonstrating  that  lateral  migration  of  the  stream  helped  to  build  up  the 
deposits;  but  in  general,  overbank  deposition  seems  to  have  been  the  most  significant 
type  of  deposition,  usually  extending  for  several  miles  from  the  prior  stream  course 
m  the  cases  of  the  observable  Mayrung  and  Quimong  Members,  and  obliterating 
the  point  bar  pattern.  6 


COONAMBIDGAL  FORMATION - 


ITie  Coonambidgal’,  defined  by  Butler  (1958),  is  here  used  for  the  first  time 
as  a  formal  formation  name.  Its  type  locality  is  outside  the  Mallee  Region  in  the 
bank  of  the  Coonambidgal  Ck,  near  the  NE.  corner  of  lot  75,  parish  of  Deniliquin 
New  South  Wales.  It  is  applied  to  the  deposits  of  existing  streams,  or  their  recent 
ancestors,  in  the  Murray  Basin.  It  is  clearly  mappable  as  a  floodplain  with  paired 
terraces  alongside  existing  streams,  some  of  whose  dimensions  are  out  of  harmonv 
with  their  present  discharges.  In  the  Mallee  Region,  incised  streams  have  deposited 
these  terraces  below  the  level  of  the  Woorinen  Formation;  the  width  of  these 
terraces  reaches  several  miles  in  the  case  of  many  cross-sections  of  the  Murray  R. 
The  terrace  surfaces  frequently  display  scrolls  and  oxbow  lakes,  remnants  of  earlier 
meandering. 

The  Coonambidgal  Formation  is  generally  a  slightly  micaceous  silty  clay  but 
also  includes  clay,  silt,  sand,  and  gravel,  either  alone  or  as  various  admixtures*  it 
is  generally  less  than  60  ft  thick.  The  degree  of  profile  differentiation  in  soils  of  the 
Coonambidgal  Formation  is  less  than  that  occurring  in  soils  of  the  Shepparton 
Formation.  There  are  variations  in  soil  type  throughout  the  formation  caused  bv 
Pf e?t  material  and  microtopography.  Baldwin,  Burvill,  &  Freedman 
(1939)  described  soils  in  the  Kerang  district  which  Pels  (1964)  later  associated 
with  an  ancestral  Coonambidgal  Formation  river  channel  along  which  Pyramid 
Ck  now  flows. 


The  Coonambidgal  Formation  is  best  known  where  it  is  associated  with  the 
Murray  drainage  system  (Pels  1964).  The  existing  Murray  R.  follows  a  relatively 
new  course  to  Wakool  Junction,  but  beyond  this  point  it  follows  the  course  of  the 
ancestral  Murray  R.;  the  present  Wakool  R.  is  an  ancestral  course  of  the  Murrav  R 
I  he  Murray  R.,  downstream  from  Wakool  Junction,  adopts  the  same  meander 
pattern  and  channel  width  as  the  Wakool  R.;  immediately  upstream  from  the 
junction  it  has  a  wavelength  of  about  15  chains,  whereas  downstream  from  the 
junction  its  wavelength  is  about  50  chains;  downstream  from  the  junction  the 
Murray  R.  occupies  a  gorge  incised  into  the  Woorinen  Formation  and  the  under 
lymg  units.  The  alluvial  deposits  of  this  tract  consist  of  two  inset  terraces  and  a 
narrow  floodplain.  Upstream  from  Wakool  Junction  the  three  Upper  Pleistocene 
to  Recent  phases  of  activity  of  the  Murray  R.  are  not  preserved  in  the  one  valley 
but  have  been  separated  due  to  recurrent  tectonic  movement  (Pels  1964)  on  the 
Cadell  Fault  (Harris  1938).  Between  Wentworth  and  the  NW.  corner  of  the  State 
there  is  a  huge  terraced  area  of  alluvial  plains  (terrace  No.  2);  this  terrace  will  be 
drowned  following  construction  of  the  Chowilla  Dam  in  South  Australia. 

The  sequence  of  terraces  within  the  Coonambidgal  Formation  suggests  periodic 
variation  in  discharge  in  response  to  climatic  change.  The  above  scheme  implies 
three  phases  of  degradation  alternating  with  periods  of  aggradation,  coinciding  with 
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variations  in  discharge  during  Upper  Pleistocene  to  Recent  times.  Alternatively, 
there  may  be  only  two  main  phases  represented  by  a  floodplain  (=  terrace  No.  1  + 
floodplain)  and  a  major  terrace. 

The  ancestral  streams  involved  in  the  deposition  of  the  Coonambidgal  Formation 
are  likened  to  the  existing  river  courses  (excluding  anabranches).  These  streams 
are  characterized  by  high  sinuosity  (in  excess  of  2),  a  high  depth  to  width  ratio, 
and  approximately  45°  banks.  Taking  the  plain  tract  of  the  Murray  R.  as  an 
example:  its  sinuosity  is  generally  over  2,  its  depth  to  width  ratio  varies  from 
1:18  at  Albury  to  1 :  28  at  Mildura;  its  bed  slopes  9  in.  per  mile  at  Albury, 
decreasing  to  3  8  in.  per  mile  near  the  South  Australian- Victorian  border.  The  high 
depth  to  width  ratio  is  explained  by  the  inherent  resistance  of  the  clayey  banks  to 
scour,  and  the  stabilizing  effect  of  vegetation,  principally  redgum — Eucalyptus 
camaldulensis. 

Evaporites 

Recent  evaporites  are  common  in  the  Mallee  Region  but  rarer  away  from  it. 
The  precipitation  of  evaporites  is  understandable  as  the  average  annual  evaporation 
of  50  to  60  in.  greatly  exceeds  the  annual  average  rainfall  of  10  to  14  in.;  this 
achieves  a  main  prerequisite,  viz.  potential  loss  of  water  by  evaporation  exceeding 
the  rainfall;  the  process  is  further  aided  by  movement  of  surface  water  and  ground- 
water  into  the  area. 

Evaporites  in  the  Mallee  Region  consist  of  calcium  carbonate,  halite,  and 
gypsum.  Except  that  some  calcium  carbonate  can  be  present  with  earthy  gypsum, 
each  of  these  salts  is  usually  found  in  geomorphically  distinct  situations: 

(a)  Calcium  carbonate  is  concentrated  in  the  paired  levees  of  the  prior  streams 
of  the  Wycheproof-Towaninny  district.  It  is  thought  to  have  been  pre¬ 
cipitated  from  stream  water  lost  by  influent  seepage  and  is  attributed  partly 
to  evaporation  of  capillary  waters  within  the  levees. 

(b)  Halite  is  precipitated  in  shallow  lakes  or  salinas.  These  lakes  may  be  fed 
by— 

(i)  the  internal  surface  drainage,  e.g.  L.  Tyrrell  and  L.  Timboram, 
respectively  the  terminal  lakes  of  the  Tyrrell  and  Lalbert  Creeks, 
both  effluents  of  the  Avoca  R.,  or 

(ii)  almost  entirely  by  groundwater,  e.g.  the  Pink  Lakes  N.  of  Underbool, 
and  L.  Kunat  near  Swan  Hill. 

The  salinas  are  occupied  by  saline  water  during  most,  if  not  all,  of  the  year;  wave 
action  is  responsible  for  a  well-defined  shore-line.  Another  conspicuous  feature  of 
the  salinas  is  a  lunette  of  sand  or  clay,  or  an  admixture  of  both,  situated  along  the 
eastern  margin  of  the  lake.  Analyses  of  water  from  a  number  of  salinas  show  a  high 
amount  of  sodium  and  chloride,  probably  from  cyclic  salts,  with  lesser  amount  of 
magnesium,  calcium,  and  sulphate.  As  the  water  evaporates,  halite  is  precipitated 
almost  exclusively,  apart  from  minor  amounts  of  calcium  carbonate  and  gypsum. 
Cane  (1962)  has  demonstrated  for  the  Pink  Lakes  that  the  seasonal  fluctuation  of 
water  level  assists  in  draining  away  the  magnesium-rich  bitterns  remaining  after  the 
halite  has  precipitated;  this  mechanism  is  believed  to  apply  to  the  other  salinas  as 
well. 

(c)  Gypsum  occurs  in  thin  but  extensive  sheets  or  gypsum  flats,  believed  to 
be  the  sites  of  ancestral  lakes.  There  is  generally  only  one  gypsum  bed 
beneath  these  flats,  often  extending  from  a  depth  of  about  1  to  4  ft,  but 
in  the  Cowangie  district  gypsum  is  found  at  depths  as  great  as  20  ft,  with 


550 


C.  R.  LAWRENCE 


several  gypsum  beds  separated  by  sandy  clay.  The  largest  gypsum  flats 
occur  south  of  Meringur,  at  Nypo,  at  Raak  Plain  W.  of  Hattah  and 
Nowingi,  and  at  Kow  Plain  near  Cowangie  (Fig.  8).  They  are  character¬ 
istically  marked  by  an  expanse  of  dry  grey  mud  covered  by  an  efflorescence 
of  evaporite  salts  and  a  growth  of  samphire — Crithmum  maritimum.  Low 
winding  dunes  composed  of  gypsite,  variously  known  as  earthy  gypsum, 
flour  gypsum,  copi,  or  kopi,  are  sometimes  present  on  the  flats. 

A  section  typical  of  a  gypsum  flat  is  shown  by  a  bore  sunk  in  allotment  8, 
Parish  of  Tutye: 

ft 

Grey  mud  (possible  clay-sized  gypsum)  and  gypsite  0  —  i 

Gypsite,  white  i  —  6 

Gypsite  and  selenite  6  —  10 

Sandy  clay,  yellow  10 

Water  is  unknown  at  the  surface  of  the  gypsum  flats,  except  temporarily  as  a 
result  of  heavy  rain;  instead,  the  water-table  lies  several  feet  below  the  surface.  The 
gypsum  is  a  chemical  precipitate  from  saline  groundwater.  The  water  apparently 
rises  due  to  capillary  action  precipitating  the  gypsum  as  coatings  on  existing  crystals 
in  the  zone  of  aeration.  During  this  process,  which  probably  has  continued  for 
thousands  of  years,  co-precipitation  is  slight  and  restricted  to  sodium  chloride  and 
calcium  carbonate.  An  important  key  to  the  genesis  of  gypsum  and  salt  is  that,  in 
those  depressions  in  gypsum  flats  in  which  the  water-table  is  intersected,  salt  is  the 
major  precipitate.  This  demonstrates  that  where  water  is  exposed  and  entirely  or 
almost  entirely  evaporated,  sodium  chloride  predominates,  but  where  the  water- 
table  is  just  below  the  surface  there  is  fractional  crystallization  of  calcium  carbonate 
and  gypsum  with  the  other  salts  remaining  in  solution. 
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Explanation  of  Plates 

Plate  53 

Fig.  1 _ Exposures  of  Woorinen  Formation  derivatives,  Bungunnia  Limestone,  Blanchetown 

Clay,  and  Diapur  Sandstone  along  the  cliffs  of  the  Murray  R.  at  Boundary  Point, 
far  NW.  Victoria.  #  ... 

Fig.  2 _ Section  through  an  E.-W.  sand  dune  of  the  Woorinen  Formation  in  a  cutting  of  the 

Calder  Highway  at  Hattah. 

Fig.  3— Typical  gypsum  flat  (‘copi  swamp’)  near  Nowingi. 

Fig.  4 — Sand  dune  of  the  Lowan  Sand,  Big  Desert. 

Plate  54 

Vertical  aerial  photomosaic  of  the  jumbled  dune  pattern  of  the  Lowan  Sand,  adjoining  the 
E.-W.  dune  system  of  the  Woorinen  Formation  to  the  north  and  lacustrine  deposits 
to  the  south  (Wirrengren  Plain)  in  the  Big  Desert,  S.  of  Underbool.  Scale — 1  inch  : 
1  mile. 


553 


STRATIGRAPHY  &  STRUCTURE;  MALLEE  REGION 
Plate  55 

Vertical  aerial  photomosaic  of  the  gypsite  deposits  of  the  Raak  Plain,  and  associated  lacustrine 
and  aeolian  deposits,  SW.  of  Nowingi.  Scale  as  for  PI.  54. 

Plate  56 

Vertical  aerial  photomosaic  of  the  Coonambidgal  Formation  floodplain  and  terrace  deposits 
associated  with  the  Murray  R.,  E.  of  Nowingi.  Scale  as  for  PI.  54. 

Addendum 

While  this  paper  was  in  press  and  just  prior  to  receiving  proofs,  a  geological  map  of  the 
Pinnaroo-Karoonda  area  by  J.  B.  Firman  was  published  by  the  South  Australian  Geological 
Survey.  Some  rock  units  used  there  are  equivalents  of  units  used  in  the  above  text.  The 
geological  section  accompanying  the  map  lends  further  support  to  the  synonymy  of  the  Ettrick 
Formation  with  the  Netherby  Marl;  the  Parilla  Sand  is  equivalent  to  the  Diapur  Sandstone; 
the  Molineaux  Sand  corresponds  to  my  use  of  the  Lowan  Sand  plus  the  Piangil  Member  of 
the  Woorinen  Formation. 
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GEOCHRONOLOGY  OF  VICTORIAN  MALLEE  RIDGES 
By  Edmund  D.  Gill 
National  Museum  of  Victoria 

Abstract 

A  tentative  chronology  for  the  Mallee  ridges  is  proposed.  Between  the  mid-Holocene  parna 
dunes  and  the  Upper  Pliocene  fluviatile  deposits  lie  three  generations  of  dunes.  As  these  were 
dry-period  structures,  they  may  well  belong  to  the  Last  Interglacial,  the  Penultimate  Interglacial, 
and  the  Antepenultimate  Interglacial  respectively.  The  oldest  dunes  are  eroded,  cloggd  with 
parna,  and  in  places  covered  with  a  solid  carbonate  hardpan;  it  is  easy  to  overlook  them  as 
former  dunes. 

Introduction 

The  marine  formations  underlying  the  Mallee  have  been  described  (Johns  & 
Lawrence  1964,  and  references).  Also  the  parna  sheets  and  fluviatile  deposits  of 
the  Murray  riverine  plain  have  been  elucidated  by  Butler  (1959  and  references) 
and  members  of  his  organization  (Churchward  1963,  and  references),  and  by 
University  research  workers  such  as  Langford-Smith  (1962).  In  all  the  above  work 
some  attention  has  been  given  to  relative  and  chronometric  dating.  The  writer  has 
had  the  following  scheme  in  mind  for  many  years,  and  ventures  it  for  dicussion 
on  the  occasion  of  the  Symposium. 

Mallee  Ridges 

The  ridge  morphology  dominates  the  Mallee  terrain.  As  a  result  any  linear 
elevated  area  tends  to  be  called  a  ridge.  It  should  be  frankly  recognized  that  the 
term  ‘ridge’  covers  some  four  categories  of  structures,  although  some  of  these  merge 
into  one  another,  and  may  be  superposed  on  one  another. 

1 .  Dune  ridges,  longitudinal  and  crescentic. 

2.  Depressed  dune  ridges. 

3.  Broad  rises  that  might  be  called  ‘palimpsest  ridges’  because  they  are  the 
faint  remaining  structures  of  what  once  were  dunes. 

4.  Residual  elevated  areas  that  are  outliers  of  ancient  terrains  of  Tertiary  age. 

Relative  Chronology 

The  above  four  categories  are  in  order  of  relative  age,  and  some  of  the  evidence 
is  as  follows: 

1.  This  category  can  be  further  divided  into  two,  viz.: 

(a)  The  white  dunes  which  are  active  now  or  have  been  in  the  recent  past, 
as  is  shown  by  their  sharp  morphology,  lack  of  compaction,  and  absence 
of  obvious  humus  in  the  surficial  sand.  These  are  well  developed,  for 
example,  in  the  Wyperfeld  National  Park.  The  sands  are  siliceous  and  they 
vary  in  colour  from  off-white  to  light  fawn. 

(b)  The  yellow  dunes  are  parna  dunes  bordering  present  and  former  lakes. 
Geomorphologically,  they  are  commonly  lunettes  (Hills  1941),  though 
many  other  shapes  occur.  Granulomentrically  they  are  silts  and  clays,  being 
a  fine  fraction  formerly  accumulated  on  lake  floors,  then  blown  up  as 
aggregates  when  the  lakes  were  dry  (Stephens  &  Crocker  1946;  Gill  1953, 
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1964a,  b).  Having  a  structured  soil  developed  on  them,  they  must  be 
older  than  uncompacted  white  dunes  without  a  structured  soil.  Isotope 
datings  will  be  quoted  in  support  of  this  later  in  the  paper. 

2.  The  depressed  dunes  are  red  dunes,  and  consist  essentially  of  siliceous  sand. 
These  are  older  than  the  yellow  dunes,  as  would  be  expected  from  their  depressed 
morphology  and  red  earth  soils.  Near  the  town  of  Rainbow  the  relative  ages  of  the 
yellow  and  red  dunes  can  be  demonstrated.  The  town  stands  on  a  crescentic  red 
dune  that  gives  the  town  its  name  by  reason  of  its  shape.  Within  the  arc  of  this 
dune  is  a  parna  dune  which,  SW.  of  the  town,  partly  truncates  and  partly  overlies 
the  edge  of  this  dune.  Thus,  erosion  followed  the  formation  of  the  red  dune  before 
the  yellow  dune  was  emplaced.  Therefore,  the  yellow  dune  is  appreciably  younger 
than  the  red. 

The  red  dunes  with  marked  carbonate  accumulations  in  their  soils  are  believed 
to  be  older  than  those  without,  so  making  possible  a  subdivision  also  of  category  2, 
viz.: 

(a)  Red  dunes  without  carbonate  nodules  (as  at  Rainbow). 

(b)  Red  dunes  with  carbonate  nodules. 

3.  The  palimpsest  ridges  are  so  depressed  morphologically  that  they  probably 
would  not  be  thought  of  as  ridges  elsewhere.  Pre-occupation  with  accompanying 
ridges,  and  the  necessity  of  finding  routes  for  irrigation  channels  have  drawn  atten¬ 
tion  to  them.  The  soils  are  grossly  polygenetic.  A  solid  hardpan  of  carbonate  is 
common,  and  may  be  2  or  3  ft  thick.  In  areas  where  there  is  no  hard-rock  outcrop, 
it  is  used  for  road  metal.  In  the  early  days  it  was  used  as  a  building  stone  (e.g. 
churches  in  Hopetoun  still  in  use).  The  carbonate  is  the  B  horizon  of  a  soil  whose 
A  horizon  has  been  lost,  while  the  present  soil  is  developed  on  material  gathered 
disconformably  on  the  hardpan.  The  hardpan  follows  a  depressed  dune  terrain,  so 
the  soil  of  which  it  is  a  relic  was  formed  after  both  the  establishment  and  erosion 
of  the  dune.  So  the  original  dune  must  be  very  old. 

Some  of  these  older  dunes  are  clayey.  In  hand  specimen  they  appear  to  be 
granulometrically  bimodal,  consisting  of  siliceous  sand  of  dune-building  range  of 
size,  and  of  a  fine  silt-clay  fraction.  With  each  dry  Interglacial,  the  Mallee  must 
have  become  a  ‘dust  bowl’,  and  the  fine  fraction  of  wind-eroded  sediments  dusted 
over  the  terrain.  In  the  wet  period  that  followed,  much  of  this  parna  would  be 
washed  down  into  the  sand  dunes,  thus  making  them  clayey.  The  remainder  would 
be  washed  into  lake  beds  and  stream  channels  to  form  a  supply  of  parna  for  the 
next  dry  period.  A  thorough  grain-size  study  of  these  cycles  could  be  scientifically 
rewarding. 

Just  as  the  yellow  parna  dune  overlies  the  red  dune  at  Rainbow,  so  the  red 
dune  overlies  the  palimpsest  ridge  on  which  much  of  the  town  of  Rainbow  is 
situated.  At  the  S.  end  of  the  town  in  the  railway  reserve  on  the  E.  side  of  the  line 
there  is  a  small  quarry  where  the  solid  carbonate  characteristic  of  these  depressed 
ridges  has  been  quarried.  Cultivated  fields  in  the  area  also  show  quantities  of 
carbonate  rubble.  Thus,  there  are  three  superposed  ridges  at  Rainbow  providing 
proof  of  relative  age.  There  is  no  red  dune  with  carbonate  nodules  in  this 
sequence. 

4.  No  dune  structures  older  than  the  palimpsest  dunes  have  been  recognized.  No 
Upper  Pliocene  dunes  are  suspected.  From  what  is  known  of  the  climatic  conditions 
(Gill  1953,  1961a,  b),  they  would  not  be  expected  in  the  area  studied. 

An  important  tectonic  event  affected  the  sedimentary  processes  of  the  Upper 
Pliocene  and  Lower  Pleistocene  (and  to  a  lesser  extent  the  times  just  before  and 
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just  after  that  span) — the  Kosciusko  Uplift.  This  caused  the  Murray  Basin  to  be 
drained,  so  that  the  latest  marine  formations  under  the  Mallee  are  apparently  Lower 
Pliocene.  The  uplift  rejuvenated  the  river;  it  depressed  some  areas  but  raised  others, 
and  quickened  sedimentation  in  the  depressed  areas.  Some  of  the  movements  were 
small,  but  because  continued  over  long  distances  they  became  significant.  Up  to 
500  ft  of  non-marine  sediments  were  deposited  in  the  Mallee  over  the  marine  strata, 
and  it  is  from  these  comparatively  poorly  sorted  fluviatile  seediments  that  the  dune 
sands  and  parna  have  been  extracted  by  winnowing.  The  sands  are  the  saltatory 
fraction,  and  the  parna  the  air-borne  fraction. 

As  the  E.  half  of  the  Mallee  has  no  marine  rocks  under  it,  and  as  in  the 
W.  half  the  marine  rocks  are  buried  at  depth,  I  cannot  follow  Blackburn’s  suggestion 
(1962)  that  the  dunes  are  stranded  marine  shoreline  structures.  If  they  were, 
shallow  water  marine  sandstone  should  pass  up  into  beach  sands,  and  they  into 
dune  sands  as  occurs  in  the  postglacial,  Last  Interglacial  and  Penultimate  Inter¬ 
glacial  deposits  in  the  Warrnambool-Port  Fairy  district  (Gill  1966),  and  in  the 
Lower  Pleistocene  (Werrikooian)  at  Devil’s  Den  on  the  Glenelg  R.  (for  locality 
see  Fig.  10,  Singleton  1941). 

Hills  (1939)  suggested  that  faults  in  the  bedrock  account  for  some  of  the 
ridges;  if  so,  the  results  are  amazingly  even  considering  the  distance  they  extend, 
the  irregularity  of  the  bedrock,  and  the  varying  compaction  of  the  Cainozoic 
sediments  involved.  Unless  the  displacements  are  recent,  erosion  would  have 
obliterated  them  in  view  of  the  softness  of  the  surficial  sediments,  and  the  instability 
of  the  terrain. 

Red  sandstone  occurs  in  the  cores  of  some  of  the  dunes.  This  can  be  from 
Lower  Pliocene  lateritic  profiles,  Upper  Pliocene  rubifications,  or  remnants  of 
Lower  to  Middle  Pleistocene  red  dunes. 

A  section  revealed  in  a  quarry  on  the  Swan  Hill-Ultima  road  about  two  miles 
E.  of  Ultima  is  helpful.  It  occurs  on  the  E.  edge  of  a  red  dune  at  the  commence¬ 
ment  of  a  flat  area.  The  succession  is  as  follows  (Munsell  colours  are  for  dry 
samples) : 


Surface  0"  —  1'  8" 

V  8"  —  3' 

3'  —  6' 

6'  —  8'  6" 

8' 6"  —  1(Y 


10'  —  11'  6" 
11' 6"  + 


Dark  red  2.5YR  3/6  structureless  lightly  compacted  poorly  sorted  sand 
merging  rapidly  into 

red  2.5YR  4/6  firm  sandy  clay  to  clayey  sand,  poorly  sorted. 
Compact  mottled  red  and  pale  grey  poorly  sorted  clayey  sand  (red 
2.5YR  4/6  to  7.5YR  7/2  pinkish  grey). 

Very  compact  reddish  yellow  7.5YR  6/6  poorly  sorted  sand,  with  bands 
of  carbonate  up  to  li"  thick. 

Same  but  harder  and  including  numerous  nodules  i"-l"  in  diameter, 
comonly  oval  in  section,  poorly  sorted,  brownish  yellow  10YR  6/6. 
Thickness  of  this  horizon  varies  from  2'-3'  thick.  Orange  bands  l"-2" 
thick  where  iron  oxide  present. 

Lightly  compacted  orange  sand,  with  dark  red  iron-rich  bands,  forming 
an  aquifer  (Colours  10IR  6/6,  7.5YR  6/6,  10R  4/4). 

Light  grey  5Y  7/1  fine  poorly  sorted  sand.  This  horizon  is  at  least 
six  feet  thick;  the  coarseness  of  the  sand  varies  considerably. 


I  am  indebted  to  Mr  A.  M.  Gill  for  help  in  describing  this  section.  The  profound 
leaching  and  kaolinization  of  the  sands  in  the  bottom  of  the  quarry  are  char¬ 
acteristic  of  the  Nunawading  Terrain  (Gill  1964a),  which  has  been  traced  from 
N.  Tasmania  to  S.  Queensland.  It  is  also  characteristic  of  the  pallid  zone  of  a 
laterite  (Timboon  Terrain),  and  to  which  of  these  terrains  it  belongs  cannot  be 
ascertained  on  present  information.  The  Nunawading  Terrain  penetrates  to  as 
much  as  150  ft,  while  the  pallid  zone  of  the  laterite  is  not  usually  very  thick. 
Rowan  &  Downes  (1963,  p.  17)  refer  to  evidence  of  lateritization  in  the  Mallee. 
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Absolute  Dating 

The  relative  ages  of  the  various  structures  have  been  indicated,  and  their 
absolute  ages  may  now  be  considered. 

1.  The  parna  dunes  on  the  beaches  of  recent  lakes  are  mid-Holocene  in  age 
as  has  been  shown  by  radio-carbon  dating,  e.g.  at  L.  Weeranganuck  a  lacustrine 
beach  deposit  with  bones  passes  up  into  parna  dunes.  The  bones  gave  a  14C  age 
of  6435  ±110  years  B.P.  (Gill  1964b).  The  parna  dune  is  therefore  a  little 
younger  than  this  date. 

2.  The  laterite  (Timboon  Terrain)  in  Victoria  is  of  Lower  Pliocene  age,  as 
is  shown  by  marine  fossils  (Gill  1964a).  At  Grange  Burn  near  Hamilton  in 
W.  Victoria,  the  waning  effects  of  lateritization  are  impressed  on  the  surface  of  a 
basalt  (Gibbons  &  Gill  1964)  which  overlies  an  Upper  Pliocene  terrain  developed 
over  Lower  Pliocene  (Kalimnan)  marine  beds.  The  age  of  the  basalt  by  potassium/ 
argon  dating  is  4  35  mill,  years  (Turnbull,  Lundelius,  &  McDougall  1965). 

"  3.  Non-marine  sedimentation  on  the  E.  side  of  the  Mallee  area  was  synchronous 
with  marine  Lower  Pliocene  sedimentation  on  the  W.  side.  Superimposed  on  both 
are  Upper  Pliocene  non-marine  beds. 

4.  The  parna  dunes  represent  a  minor  cycle,  but  each  of  the  other  types  of 
dune  ridge  appears  to  represent  a  major  cycle.  They  belong  to  drier  periods,  which 
in  this  area  means  Interglacials.  If  three  Interglacials  are  involved,  they  must  be 
the  Last,  the  Penultimate,  and  the  Antepenultimate.  A  tentative  dating  of  the 
Mallee  ridges  is  given  in  Table  1. 

Table  1 


Holocene 

Pleistocene 


Pliocene  Upper 
Lower 


Miocene 


Upper — White  dunes  (sand) 

Middle — Yellow  dunes  (parna) 

Last  Interglacial — Red  dunes 

(?  Penultimate  Interglacial — Red  dunes  with  carbonate  nodules) 
Antepenultimate  Interglacial — Palimpsest  dunes  with  thick  carbonate  hard- 

Deposition  of  Kosciusko  sediments  (continued  into  the  Pleistocene) 
Deposition  of  marine  (Kalimnan)  beds  in  part  of  the  area,  and  lateritiza¬ 
tion  of  the  terrestrial  part  (Timboon  Terrain) 

Nunawading  Terrain  formed.  It  is  not  known  whether  this  terrain  is 
represented  in  the  Mallee. 
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THE  REGIME  OF  HATTAH  LAKES 

By  Geoffrey  Robinson 
Department  of  Geography,  University  of  Melbourne 

Introduction 

On  the  margins  of  the  Mallee,  about  40  miles  S.  of  Mildura,  lie  the  Hattah 
Lakes,  a  series  of  connected  depressions  which  fill  by  flooding  from  the  R.  Murray, 
and  sometimes  spill  over  to  adjacent  areas.  Most  of  the  flood  system  is  shown  in 
Fig.  1.  The  southern  chain  of  lakes  lies  within  Hattah  Lakes  National  Park  but 
the  remainder  of  the  system  is  in  the  Kulkyne  State  Forest,  now  of  little  use  for 
timber,  some  parts  being  grazed  and  small  areas  of  sand  dunes  having  completely 
lost  their  vegetation  cover.  Of  an  area  about  14  miles  square  encompassing  the 
whole  flood  system,  approximately  half  is  occupied  by  mallee  associations  and 
most  of  the  remainder  by  floodplain  associations  of  black  box.  The  vegetation  has 
been  described  by  Patton  (1930)  and  Zimmer  (1937),  and  other  characteristics 
of  the  floodplain  have  been  presented  by  Tate  (1885)  and  in  a  report  by  Rowan  & 
Downes  (1963,  p.  103-105).  The  network  of  lakes  may  represent  a  former 
channel  of  the  River  Murray,  and  Hills  has  remarked  upon  the  recent  changes  to 
the  Murray’s  course  which  seem  to  have  occurred  in  this  area  (Hills  1939,  p.  317). 
Whatever  the  origin  of  the  lakes,  however,  it  is  clear  that  the  pattern  of  stable 
dunes,  together  with  recently,  and  even  currently,  drifting  sand,  have  exerted  con¬ 
siderable  influence  on  the  present  drainage  pattern  and  the  conformation  of  the 
lake  basins. 

In  all,  there  are  about  17  lakes  which  are  connected  with  the  R.  Murray  by 
Chaika  Ck,  an  anabranch  flowing  about  11  miles  from  its  inlet  on  the  river  to 
the  lake  system  and  a  further  17  miles  to  its  outlet.  To  reach  the  lakes,  floodwater 
enters  Chaika  Ck  at  a  rock  bar  across  a  bend  in  the  river,  about  100  miles 
upstream  from  Mildura.  The  bar  (PI.  57,  fig.  A),  in  low  and  moderate  flows, 
confines  the  river  to  the  inside  of  the  bend  but  at  high  flows  the  body  of  water 
impinges  on  the  outside  of  the  bend  and,  if  of  sufficient  depth,  feeds  a  network 
of  narrow,  deep  channels  (PI.  57,  fig.  B),  uniting  to  form  Chaika  Ck.  This  effluent 
water,  provided  that  the  flow  is  high  enough  and  lasts  a  sufficient  time,  fills  the 
lakes  in  sequence  and  returns  to  the  Murray  by  the  northern  channel  of  the 
creek,  where  it  is  ponded  back  by  the  flood  peak  on  the  river,  after  which  the 
return  flow  is  accelerated. 

This  flood  system,  until  recently,  constituted  the  only  one  in  Victoria  remaining 
completely  unaltered  and  in  its  natural  relationship  with  the  river.  During  the  1964 
flood  an  earth  bank  was  completed  between  Lakes  Hattah  and  Little  Hattah,  in 
order  to  retain  more  water  in  Hattah  after  the  recession  of  the  flood.  This  is  only 
a  minor  modification  to  a  part  of  the  system  but,  before  others  are  made  which 
may  destroy  its  uniqueness,  it  is  important  that  as  full  a  knowledge  of  the  system 
as  possible  be  obtained,  in  order  to  both  manage  the  conservation  of  the  area  in 
its  own  right  and  to  establish  a  basis  for  comparison  with  other  flood  areas  so  as 
to  permit  assessment  of  the  effects  of  major  artificial  modifications.  As  Jennings 
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Fig.  1 — Hattah  Lakes.  The  map  is  drawn  from  aerial  photographs  to  show  the  approximate 
maximum  confined  areas  of  each  lake.  Numbered  arrows  refer  to  the  timing  of  the  flow 
of  water  past  various  points,  in  days  after  water  entered  Chaika  Ck  in  1964.  This 
information  was  supplied  by  E.  McDonald. 
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(1965,  p.  155)  has  pointed  out,  ‘if  all  the  land  is  modified,  it  will  be  impossible 
or  at  the  least  very  much  more  difficult  to  discern  any  such  effects’. 

As  a  foundation  for  further  studies  the  pattern  of  flooding  and  its  frequency 
over  the  years  were  examined  in  order  to  establish  the  regime  of  the  Hattah  Lakes. 

The  Recorded  Pattern  and  Sequence  of  Events 

Since  1908,  the  Victorian  Railways  Department  has  kept  monthly  records  of 
the  depth  of  water  in  L.  Hattah,  the  deepest  of  the  lakes,  from  which  water  is 
pumped  to  the  railway  halt  at  Hattah,  2  miles  away.  These  observations  were 
supplemented,  during  the  1964  flood,  by  Mr  Eric  McDonald,  the  warden  of  the 
National  Park,  who  made  daily  readings  of  the  L.  Hattah  gauge  and  observed  the 
wider  extent  of  water  in  the  flood  system.  Some  of  this  information  is  shown  in 
Fig.  1  as  the  progress  of  floodwater  in  the  1964  flood.  In  addition,  lines  of  Red 
Gums  and  stranded  debris  mark  the  extent  of  some  of  the  earlier  major  floods. 

The  recorded  levels  from  previous  floods  are  summarized  in  Fig.  2.  This  shows 
that  in  the  56  years  of  observations  at  L.  Hattah,  there  have  been  35  years  when 
some  inflow  has  occurred,  a  slightly  better  average  than  once  every  two  years,  and 
hence  21  years  when  there  has  been  no  replenishment  of  the  lake.  It  is  normally 
during  the  third  dry  season  that  the  lake  completely  dries  out,  the  surrounding 
country  being  already  dry  by  that  time.  Two  consecutive  years  of  no  inflow  were 
recorded  four  times,  in  1913-14,  1929-30,  1937-38,  and  1940-41,  and  three 
consecutive  years  of  no  inflow  were  recorded  twice,  in  1943-45  and  1961-63.  Over 
the  same  56  years  L.  Hattah  has  been  completely  dry  on  seven  occasions,  the 
longest  period  being  21  months  following  the  drought  years  1943-45.  The  maximum 
depth  of  water  observed  in  the  lake  was  during  the  1956  flood,  when,  following 
a  particularly  high  flow  on  the  Murray  in  1955  a  substantial  body  of  water  was 
already  in  the  flood  system.  The  gauge  at  that  time  could  be  read  only  to  18'  but 
levelling  to  well  defined  strand  lines  indicated  that  the  water  level  rose  to  about 
20'.  Only  8'  were  retained,  however,  by  the  closed  basin,  as  in  the  case  with  all 
floods  most  of  the  remainder  draining  back  to  the  Murray  after  the  passage  of  the 
flood  peak. 

The  observations  made  during  the  1964  flood  were  compared  with  the  earlier 
records,  but  lack  of  instrumentation,  and  the  necessarily  haphazard  observation  of 
some  of  the  lakes  lying  well  outside  the  park,  limit  the  value  of  one  season’s 
detailed  records.  Nevertheless,  some  indicators  of  past  flooding  have  been  tentatively 
derived.  For  the  southern  chain  of  lakes,  from  L.  Hattah  to  L.  Nip  Nip,  to  be  filled 
by  the  water  penetrating  the  system,  the  depth  in  L.  Hattah  must  reach  about  12'. 
This  depth  has  been  observed  in  23  of  the  35  years  of  inflow  and,  in  most  of 
the  remaining  floods,  the  maximum  depth  reached  would  ensure  some  water  in 
perhaps  all  the  southern  lakes  except  Nip  Nip.  In  1964  this  depth  in  L.  Hattah 
was  reached  26  days  after  the  time  water  entered  Chaika  Ck,  but  the  timing  will 
clearly  be  affected  by  the  amount  of  water  already  in  the  flood  system.  The  lakes 
to  the  north  fill  later  and  when  water  entered  L.  Bittrang,  the  last  of  the  major 
network  to  fill,  L.  Hattah  had  13'  of  water,  this  after  55  days  in  1964.  Fig.  2 
shows  that,  in  addition  to  the  12  years  when  the  water  level  in  L.  Hattah  did  not 
even  reach  12',  it  is  unlikely  that  L.  Bitterang  received  water  from  1931  to  1939. 

When  all  the  lakes  are  full,  water  gradually  overflows  to  surrounding  areas, 
including  an  intricate  complex  of  sand  dunes  and  box  flats  to  the  south-west  of 
L.  Lockie.  When  water  overflowed  into  this  area  in  1964,  L.  Hattah  had  a  depth 
of  131',  76  days  after  the  inflow  of  water  to  the  system.  In  the  past,  few  floods 
have  put  this  depth  of  water  into  L.  Hattah  and,  from  the  available  evidence,  it 
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Fig.  2 — L.  Hattah  Water  Levels,  1908-1964.  Only  the  highest  and  lowest  levels  reached 
during  and  after  each  flood  have  been  plotted,  the  rises  and  falls  being  generalized 

by  straight  lines. 
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is  probable  that  during  the  three  decades  after  1920  the  sand  dune  area  was 
flooded  only  5  times.  The  situation  is  similar  where  the  lakes  overflow  towards  the 
east.  In  1964,  after  about  83  days  of  rising  water,  the  eastern  lakes  overflowed 
when  Hattah  reached  a  depth  of  14'.  Between  1923  and  a  series  of  high  floods 
in  the  mid-  and  later-fifties,  this  depth  was  reached  only  in  1931,  1939,  and  1952. 

This  admittedly  is  an  inadequate  picture  of  the  sequence  and  frequency  of 
flooding  but  it  may  be  a  useful  basis  for  observations  of  future  floods  which,  if 
there  is  already  water  in  L.  Hattah,  may  have  different  depths  on  the  Hattah  gauge 
associated  with  the  various  stages  of  the  sequence  of  flooding. 

As  the  penetration  of  the  lake  system  by  floodwater  depends  on  the  occurrence 
of  high  flows  on  the  R.  Murray,  the  records  for  the  gauging  station  nearest  upstream 
from  the  Chaika  Ck  inlet  were  examined  in  order  to  establish  the  relationships 
between  the  river  flow  and  the  regime  of  the  lakes.  From  past  observations  (State 
Rivers  and  Water  Supply  Commission  1946)  it  has  generally  been  accepted  that 
for  water  to  enter  the  flood  system  a  corresponding  flow  of  more  than  16,000 
cusecs  must  occur  at  Euston,  and  for  ‘flushing’  of  L.  Hattah,  so  that  water  extends 
over  a  wider  area  than  the  confines  of  the  lake  depression  and  therefore  joins  the 
return  flow  to  the  R.  Murray  which  follows  the  passage  of  the  flood  peak,  a  flow 
of  more  than  20,000  cusecs  is  required.  When  maximum  flows  at  Euston,  during 
floods  which  filled  L.  Hattah  to  more  than  its  8'  basin  depth,  are  compared  with 
the  maximum  depth  of  water  recorded  for  each  flood  (Fig.  3),  the  high  coefficient 
of  0  97  for  linear  correlation  is  obtained  and,  from  regression  analysis  of  the  data, 
19-7'  on  the  gauge  at  Euston,  or  a  flow  of  more  than  19,000  cusecs,  will  produce 
a  level  at  the  L.  Hattah  gauge  of  just  over  8'.  During  the  1964  flood,  water  over¬ 
flowed  along  Chaika  Ck  during  September  when  the  Euston  gauge  showed  levels 
indicating  flows  of  18,000  to  20,000  cusecs.  All  available  evidence  then  supports 
the  use  of  20,000  cusecs  as  the  critical  flow  for  flushing  of  the  Hattah  Lakes,  a 
flow  somewhat  higher  than  a  statistically  determined  ‘bankfull  discharge’  (Robin¬ 
son  1965).  A  multiple  regression  analysis  between  a  number  of  variables  was 
undertaken  (Appendix  A)  to  determine  if  other  factors  might  have  important  effects 
on  the  depth  of  water  recorded  at  L.  Hattah  as  the  result  of  a  flood.  The  results 
of  this  analysis  are  expressed  in  the  form: 

Y  =  0-65*!  — 0-98*2  — 4-43 
where  Y  is  the  rise  of  water  level  in  L.  Hattah,  in  feet, 

Xx  is  the  maximum  stage  of  flow  at  Euston,  in  feet, 

X2  is  the  level  to  which  the  lake  had  fallen  prior  to  the  flood,  in  feet. 

Table  1  shows  the  predicted  values  of  Y  compared  with  the  actual  ones  observed. 
The  standard  error  of  Y  is  0-74,  the  greatest  deviation  of  actual  from  predicted 
value  is  15  in  1934  and  1942,  the  remainder  have  deviations  of  less  than  1,  and 
most  are  less  than  0-5. 


Conclusion 

The  establishment  of  the  sequence  and  a  comprehensive  picture  of  the  pattern 
of  flooding  of  the  Hattah  Lakes  flood  system  needs  further  careful  observation 
during  future  floods.  What  have  been  tentatively  derived  are  some  depths  of  water 
in  L.  Hattah  to  be  used  as  indicators  of  past  flooding.  More  firmly  established  by 
regression  analysis  is  that  to  predict  the  rise  of  L.  Hattah  to  a  high  order  of  accuracy 
we  need  know  only  the  peak  flow  of  the  flood  at  Euston  and  the  level  of  water 
already  in  the  lake.  A  further  question  to  be  asked  is  to  what  extent  regulation  of 
the  R.  Murray  above  Euston  has  changed  the  magnitude  and  frequency  of  peak 
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Table  1 

Predicted  compared  with  observed  rises  of  Lake  Hattah 


Year 

Observed 

1934 

7-17 

1935 

5-50 

1936 

7-75 

1939 

15-25 

1942 

13  50 

1946 

10  00 

1947 

6-25 

1949-50 

8  50 

1950 

100 

1950 

1  50 

1951 

7-25 

1952 

9  00 

1953 

5-50 

1955 

13  50 

1956 

11  00 

1958 

10  50 

1960 

10  33 

1964 

14  83 

Predicted 

Deviation 

8-70 

—  1  53 

503 

0-47 

8  59 

—  0  84 

15  75 

—  0  50 

1201 

1  49 

10  57 

—  0-57 

5-98 

0-27 

8  51 

—  0  01 

0  99 

0  01 

1  85 

—  0-35 

7-74 

—  0  49 

9  30 

—  0  30 

4-62 

0  88 

13-43 

0  07 

10-18 

0  82 

10  30 

0  20 

10-07 

0  26 

14-71 

0-12 

Fig.  3 _ Relationship  of  the  maximum  stage  in  a  flood  recorded  at  Euston  and  the 

highest  water  level  reached  in  L.  Hattah.  The  pecked  lines  are  drawn  at  a  distance 
.  of  2  standard  erors  of  Y  from  the  regression  line. 
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flows  at  Euston,  and  hence  altered  the  scale  and  frequency  of  flooding  of  the 
Hattah  Lakes?  This  will  be  dealt  with  elsewhere. 
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Explanation  of  Plate 

Plate  57 

Fig  a — Rock  bar  across  R.  Murray  at  Chaika  Ck  Inlet. 

Fig.  B — Main  inlet  channel  of  Chaika  Ck.  This  is  immediately  upstream  of  the  bar  in  Fig.  A. 

Appendix  A 

Multiple  Regression  to  Predict  the  Rise  of  Water  in  Lake  Hattah 
Data  considered  relevant  to  determining  a  given  rise  in  the  water  level  of 
L.  Hattah  were  punched  on  IBM  cards  for  each  flood  occurring  since  gaugings 
began  at  Euston  in  1930.  The  method  of  analysis  of  the  data,  using  an  IBM  7044 
computer,  was  that  described  by  Efroymson  (1960).  The  programme  used  to 
obtain  the  best  fit  of  the  set  of  observations  of  the  independent  and  dependent 
variables  is  G2-001  in  the  University  of  Melbourne  Computation  Department 
Programme  Library.  With  this  programme,  a  stepwise  multiple  regression  was 
carried  out  on  1 8  sets  of  data,  each  set  containing  values  of  4  independent  variables 
and  one  dependent  variable,  the  rise  of  water  level.  In  this  method,  one  independent 
variable  is  added  at  a  time,  each  addition  being  the  one  making  the  greatest 
improvement  in  goodness  of  fit,  and  a  number  of  intermediate  regression  equations 
derived.  A  variable  which  is  approximately  a  linear  combination  of  other  in¬ 
dependent  variables  is  not  entered  into  the  regression,  and  only  statistically  signi¬ 
ficant  variables  are  retained  in  the  final  regression. 
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The  independent  variables  used  in  the  regression  were: 

Xx.  The  maximum  stage  of  flow  at  Euston  in  the  flood.  This  is  an  indicator  of 
the  Hood’s  ability  to  penetrate  the  anabranch  system.  From  the  nature  of  the 
build-up  of  flow  and  volume  of  water  at  a  station  well  downstream  in  a  large 
catchment  area,  it  is  expected  that  a  flood  with  a  given  peak  will  be  associated 
with  the  discharge  of  a  predictable  volume  of  water.  A  linear  relationship  exists 
between  the  peak  flow  and  log-discharge  of  recorded  floods  at  Euston,  the  Pearson 
product-moment  correlation  coefficient  being  0  95.  If  both  values  were  included 
in  the  data  one  would  be  rejected  during  regression  analysis  and  the  values  that 
were  actually  observed,  the  maximum  readings  on  the  gauge  at  Euston,  were  the 
ones  selected  for  inclusion. 

Xn.  The  mimium  level  of  the  lake  before  the  increment  brought  by  the  flood. 
Clearly,  two  similar  floods  may  produce  rises  of  different  amounts  because  of 
differences  in  the  size  and  shape  of  the  basin  which  they  are  filling;  the  higher 
the  initial  water  level,  the  wider  the  area  over  which  a  given  volume  of  floodwater 
must  spread  and  the  smaller  the  rise  in  water  level. 

X$.  Time  elapsed  since  the  last  inflow  of  water.  Although  it  was  thought  that 
X2  also  represented  this,  and  therefore  the  drought  condition  of  the  territory 
through  which  the  floodwaters  have  to  flow,  there  might  be  some  extra  weight  given 
to  a  long  drought  when  the  lake  level  was  at  zero  for  several  months. 

XA.  Precipitation  at  Hattah  over  the  rising  water  period.  Some  storms  can 
produce  more  than  a  ¥  of  rain  in  a  few  hours  and  several  inches  of  rain  can  fall 
while  the  water  level  of  the  lake  is  rising,  the  maximum  being  927  points  in  1956. 
Rain  gaugings  at  Hattah  are  not  complete  for  the  whole  period  since  1930  and 
the  figures  included  in  the  sets  of  data  were  derived  from  the  gaugings  at  Ouyen, 
using  a  relationship  obtained  from  the  period  of  record  when  Ouyen  and  Hattah 
were  both  operational  rain  gauging  stations. 


Table  2 

Correlation  coefficients  between  pairs  of  variables  in 
multiple  regression 


Xx 

x2 

Xs 

X, 

Y 

XX 

1 

-006 

010 

0-59 

0-67 

1 

-0-90 

—  008 

—  0  76 

*3 

1 

015 

0-74 

*4 

1 

0-47 

Y 

1 

Table  2  shows  the  linear  correlation  coefficients  between  the  pairs  of  variables. 
Xs  was  rejected  from  the  analysis  as  it  is  inversely  related  linearly  to  X2.  XA  was 
rejected  as  being  not  significant  at  the  5%  level  of  F.  Xx  and  X2  were  highly 
significant  at  even  the  01%  level  of  F  and  were  retained  in  the  regression. 
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GEOCHEMICAL  CONCENTRATION  UNDER  SALINE  CONDITIONS 

By  R.  J.  W.  McLaughlin 
Department  of  Geology,  University  of  Melbourne 

Abstract 

Chemical  data  are  presented  for  the  major  and  some  of  the  minor  elements  in  salt  lakes 
in  two  areas  of  NW.  Victoria — Linga  and  Tyrrell.  Whereas  evaporation  of  marine  waters 
concentrates  both  sodium  and  magnesium,  this  latter  is  depleted  in  inland  basins.  This  is  due 
to  incorporation  of  magnesium  into  clay  mineral  lattices.  The  mechanism  of  loss  commences 
with  biological  reduction  of  gypsum  to  give  calcium  hydroxide.  This  precipitates  magnesium 
hydroxide  which  absorbs  silica  to  give  poorly  crystalline  sepiolite.  The  origin  of  the  high  salt 
content  of  the  lakes  is  oceanic,  with  a  secondary  concentration  process  by  ion-filtration  through 
clay  membranes. 

Introduction 

In  various  part  of  the  world,  and  especially  in  the  interior  of  continents,  there 
occur  large  bodies  of  water  of  a  highly  saline  nature.  These  saline  lakes  are  of 
much  wider  occurrence  than  is  generally  appreciated.  In  NW.  Victoria,  because  of 
the  low  rainfall,  flat  topography,  distance  from  the  coast  and  ephemeral  nature  of 
the  drainage  pattern,  conditions  are  propitious  for  large-scale  development  of  saline 
basins.  Two  areas  have  been  investigated,  the  L.  Tyrrell  system  and  the  Linga  lakes 
system — their  localities  are  shown  in  Fig.  1.  Samples  were  collected  in  early 
September  1963.  In  open  lakes  sampling  was  carried  out  about  100  ft  from  shore 
and  at  a  depth  of  1  ft  below  the  surface. 

Chemical  determinations  were  carried  out  on  the  filtered  solutions  as  soon  as 
practicable.  The  methods  used  were  as  follows: 

Sodium  and  potassium  by  flame  photometry  (Vogel  1961);  calcium  and  mag¬ 
nesium  by  titrimetry  w\h  E.D.T.A.  (Welcher  1958);  strontium  by  atomic 
absorption  (David  1962,  Willis  1963) ;  chloride,  bromide,  carbonate,  and  boron 
by  various  titrimetric  procedures  (Wilson  &  Wilson  1962);  sulphate  by  turbidi- 
metry  using  BaCl2  (Vogel  1961);  silicon  by  colorimetry  (Mullin  &  Riley 
1955).  Analyses  were  always  at  least  duplicated. 

Results 

Chemical  data  given  in  Table  1  are  expressed  as  parts  per  million.  High  con¬ 
centrations  are  reduced  by  various  powers  of  ten  where  indicated.  In  order  that 
comparison  may  be  made  between  samples,  they  have  been  reduced  to  a  common 
basis  by  re-calculation  of  the  three  main  cations,  sodium,  calcium,  magnesium  to 
proportions  of  100%,  and  these  have  been  plotted  on  a  ternary  diagram  (Fig.  2). 
Various  ratios  between  the  chemical  constituents  have  been  calculated  and  they 
shed  considerable  light  on  the  origin  and  evolutionary  sequence  of  the  waters.  The 
cation  and  anion  equivalents  are  in  reasonable  balance  considering  the  high 
salinities. 

Discussion 

The  proportions  of  sodium,  calcium,  and  magnesium  in  the  waters  have  been 
plotted  in  Fig.  2  and  show  that  some  samples  are  considerably  enriched  in  sodium 
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relative  to  calcium  and  magnesium.  It  has  not  been  possible  to  include  total  salinity 
on  the  diagram,  but  generally  the  higher  the  salinity,  the  closer  the  composition 
lies  to  the  sodium  end  of  the  figure.  This  trend  has  been  observed  with  other  lake 
systems,  but  it  has  not  been  possible  to  plot  all  of  the  data  because  of  the  overlap 
on  the  diagram.  Evaporation  of  oceanic  waters  has  also  been  plotted  on  this  diagram 
for  three  areas — Boccana  de  Virrila  in  Peru  (Morris  &  Dickey  1957);  Karaboghaz 
(Clarke  1916);  Mediterranean  bitterns  (Stewart  1963).  The  concentration  trend 
for  these  oceanic  brines  differs  from  that  in  a  continental  setting.  Magnesium  and 
sodium  are  both  concentrated. 

The  loss  of  calcium  relative  to  sodium  and  magnesium  in  inland  basins  is  readily 
explained.  Gypsum  is  actively  being  precipitated  both  as  large  twinned  crystals, 


Table  1 

Analyses  of  saline  waters  of  NW.  Victoria 
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Fig.  2 — Portion  of  the  ternary  diagram  sodium,  calcium,  magnesium.  Compositions 
of  various  waters  have  been  plotted  as  described  in  the  text.  Overlap  of  various  points 

has  not  been  shown  in  full. 

0 — Lake  Tyrrell  group;  -|-  Linga  lakes  group;  % — ocean  water;  X— concentration  of 
marine  waters  by  evaporation  (Boccana  de  Virilla,  Karaboghaz,  Mediterranean  bitterns, 
Morris  &  Dickey  (1957),  Clarke  (1916));  e— Lake  Eyre  (Bonython  1956);  U— Lake 
Urmi,  Persia;  V — Lake  near  Shiraz.  Persia  (Clarke  1916). 

(On  evaporation  under  marine  conditions  compositions  move  to  the  lower  right  corner 
as  shown.  Under  terrestrial  conditions  the  compositional  move  is  upwards.) 

showing  numerous  solution  and  re-growth  phenomena,  and  as  fine-grained  particles. 
The  large  crystals  occur  in  bands  and  indicate  previous  strand  lines  which  some¬ 
times  may  be  traced  for  long  distances.  They  owe  their  development  to  variation  in 
solubility,  for  the  edge  waters  can  reach  high  temperatures  during  sunny  periods. 
Althoueh,  according  "to  the  literature,  anhydrite  should  precipitate  at  high  salinity 
(Posnjak  1940,  Stewart  1963),  no  traces  have  been  found.  While  this  may  be 
because  of  rapid  conversion  to  gypsum  as  noted  by  Zen  (1965),  the  explanation 
is  probably  much  simpler.  It  is  a  common  practice  in  the  salt  industry  to  reduce 
the  solubility  of  gypsum  by  addition  of  a  small  amount  (0  5%)  of  sodium  sulphate 
(Madgin  &  Swales  1956).  In  all  the  uncontaminated  waters  examined  there  is 
excess  of  sulphate  over  calcium. 

The  depletion  of  magnesium  is  much  more  difficult  to  explain,  for  in  the 
chemical  system  investigated  magnesium  salts  are  all  very  soluble.  The  simple 
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explanation  would  be  to  assume  concentration  to  the  point  where  halite  is  pre¬ 
cipitated,  the  magnesium-rich  solutions  lost  by  subterranean  flow,  then  subsequent 
re-solution  of  halite.  While  this  might  be  used  to  explain,  at  least  partially,  the 
Linga  lakes,  it  may  not  be  applied  to  the  Tyrrell  group.  During  crystallization  of 
halite  from  water  of  oceanic  composition,  bromine  is  concentrated  in  the  mother 
liquor.  Subsequent  solution  of  the  halite  gives  a  liquid  of  very  high  Cl/Br  ratio 
(Stewart  1963).  The  Cl/Br  ratios  (Table  1)  of  the  Tyrrell  waters  are  too  low  to 
apply  this  explanation  of  loss  by  seepage.  Numerous  workers  have  explained  the 
loss  of  magnesium  (and  perhaps  calcium)  in  natural  waters  by  ion-exchange 
processes  (Hudson  &  Taliaferro  1925,  De  Sitter  1947,  Degens  1965).  This  process 
is  not  applicable  in  the  waters  under  discussion  for  the  high  sodium  content  should 
reverse  the  process,  and  any  hydrogen  exchange  would  cause  low  pH.  Furthermore, 
recent  work  (Hanshaw  1964)  indicates  that  compacted  clays  have  preference  for 
monovalent  over  divalent  ions.  A  process  which  could  explain  the  observed  facts 
involves  incorporation  of  magnesium  into  the  lattice  of  clay  minerals  and  would 
operate  as  follows.  The  presence  and  high  activity  of  sulphate-reducing  bacteria 
under  anaerobic  conditions  is  well  known.  Baas-Becking  &  Kaplan  (1956)  have 
given  evidence  of  formation  of  sulphur  from  gypsum  in  L.  Eyre,  and  Emery  & 
Rittenberg  (1952)  have  explained  sulphate  loss  in  recent  sediments  as  arising  from 
the  same  cause.  All  workers  agree  in  classing  the  process  as  an  important  one,  and 
that  pH  will  rise  due  to  Ca(OH)2  formation  (Degens  1965).  While  most  authors 
then  assume  that  the  Ca(OH)2  formed  will  precipitate  almost  immediately  as  CaC03 
this  is  not  necessarily  true.  A  process  of  considerable  technological  importance  to 
man  is  the  extraction  of  magnesium  from  sea  water  by  addition  of  Ca(OH)2  to 
give  the  very  insoluble  Mg(OH)2,  the  solubility  of  which  is  several  orders  of 
magnitude  less  than  that  of  CaC03,  especially  in  the  presence  of  C02.  This  process 
must  also  operate  in  saline  environments,  but  after  precipitation  of  Mg(OH)2  the 
CaC03  might  then  precipitate,  although  gypsum  seems  the  more  likely  possibility. 
The  process  is  one  which  would  take  place  in  the  lacustrine  muds.  Harder  (1965) 
has  shown  that  freshly  precipitated  magnesium  hydroxide  is  a  very  efficient 
scavenger  of  silica  polymorphs.  Quite  apart  from  quartz  derived  from  fluviatile  and 
aeolian  transport,  silica  will  be  added  to  the  basins  from  other  sources,  e.g.  opaline 
silica  (Baker  1960).  In  reducing  environments  rich  in  organic  matter  silica  becomes 
extremely  soluble  (Emery  &  Rittenberg  1952).  The  waters  themselves  would  con¬ 
tain  silica  largely  as  the  monomer  because  of  pH  and  low  concentration  (Her  1955). 
The  precipitated  magnesium  hydroxide  will  scavenge  any  silica  from  solution  to 
give  an  incipient  clay  mineral. 

There  are  numerous  pieces  of  evidence  which  substantiate  the  removal  of 
magnesium  by  the  method  outlined.  Silicon  is  comparatively  high  in  the  inflowing 
waters  and  pH  is  low  (Table  1,  No.  1);  both  alter  rapidly.  Other  workers  have 
recorded  the  occurrence  of  magnesium-rich  clays  from  saline  environments.  Thus, 
Quaide  (1958)  recorded  chlorite  and  suspected  that  it  was  the  stable  component; 
Boynthon  (1956)  recorded  palygorskite  at  L.  Eyre;  the  present  writer  has  identified 
poorly  crystalline  sepiolite  in  the  lacustrine  muds  of  these  basins.  The  type  of  clay 
identified  and  presumably  formed  by  the  process  outlined  above  has  strongly 
absorbent  properties  with  respect  to  organic  molecules.  The  organic  products  derived 
from  planktonic  organisms,  e.g.  carotenoids  and  the  oily  globules  surrounding  these 
pigments,  would  be  absorbed  (Hodge  et  al.  1956,  Cane  1962).  Later  diagnetic 
changes,  even  pH  variation,  could  release  such  organic  material  and  under  suitable 
conditions  hydrocarbons  might  arise.  Such  thoughts  are  merely  speculative,  but 
certainly  in  accord  with  modern  thought  (Buneev  1944,  Emery  &  Rittenberg  1952, 
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Degens  1965).  The  point  of  importance  in  the  present  discussion  is  that  the  black 
evil-smelling  muds  of  salt  lakes  are  high  in  organic  material,  portion  of  which  is 
of  an  oily  nature.  There  seems  no  valid  reason,  therefore,  why  hydrocarbon  deposits 
should  not  arise  under  highly  saline  conditions  as  well  as  in  the  usually  accepted 
marine  environment. 

The  geochemistry  of  the  other  elements  follows  normal  courses.  Potassium  is 
lost  relative  to  sodium  as  salinity  increases  due  to  absorption  on  clay  particles. 
The  Na/K  ratios  of  Table  1  illustrate  this  point.  Behaviour  of  strontium  is  com¬ 
plicated  by  gypsum  precipitation.  The  Ca/Sr  ratios  rise  when  gypsum  precipitation 
is  active  due  to  occlusion  of  strontium  in  the  crystals.  The  rise  in  C1/S04  ratio 
demonstrates  concentration  of  chloride  relative  to  sulphate. 

The  Cl/Br  ratios  are  highly  diagnostic  in  indicating  the  presence  or  absence  of 
halite  deposits  in  the  underlying  rocks  through  which  water  percolates  into  the 
lakes.  The  Tyrrell  group  ratios  are  too  low  to  suggest  such  deposits,  with  the 
exception  of  No.  5  where  halite  had  been  precipitating  prior  to  the  time  of  sample 
collection.  No.  3  &  4  are  from  an  area  close  to  the  salt  works  and  illustrate  quite 
clearly  by  their  high  ratios,  the  re-solution  of  halite  and  its  contaminating  effect. 
The  high  value  for  No.  6  is  puzzling;  it  may  be  due  to  back  wash  from  soluble  salts 
in  the  surrounding  soils,  but  the  real  reason  is  not  known.  The  Linga  group 
(No.  10-16,  Table  1)  present  a  totally  different  picture.  In  every  sample  the  high 
Cl/Br  ratio  indicates  re-solution  of  salts;  in  some  instances  (No.  15  &  16)  the  lake 
beds  themselves  are  halite.  Despite  this,  the  ratio  Cl/Br  is  not  sufficiently  high  to 
derive  all  of  the  bromide  by  re-solution  of  halite.  Saits  equivalent  to  the  kieserite- 
carnallite  zone  would  be  required  to  give  a  Cl/Br  ratio  of  circa  2000  (Kuhn 
1955)  and  the  cations  of  such  salts  are  of  insufficient  concentration  in  the  waters. 
Re-solution  of  halite  would  give  values  for  Cl/Br  which  would  be  even  higher.  The 
Cl/Na  ratios  do  not  vary  greatly,  demonstrating  that,  while  both  are  concentrated, 
neither  undergoes  any  relative  enrichment.  They  are  fairly  close  to  the  ratio  for 
oceanic  water. 

The  behaviour  of  carbonate  is  a  direct  reflection  of  carbon  dioxide  content,  and 
hence  of  biological,  especially  photosynthetic,  activity.  In  Table  1,  No.  15  &  16 
were  taken  from  the  same  position.  The  higher  content  of  carbonate  (No.  15) 
represents  material  sampled  in  the  early  morning;  the  lower  content  (No.  16)  was 
sampled  in  the  late  afternoon. 

The  estimation  of  silicon  was  carried  out  by  the  molybdenum  blue  method 
(Mullin  &  Riley  1955).  Because  of  the  low  content,  all  of  the  silicon  estimated 
would  have  been  present  as  silica  monomer  (Iler  1955).  Silicon  is  lost  as  salinity 
rises.  The  Tyrrell  group  is  instructive  in  showing  the  high  content  in  the  spring 
waters  (Table  1,  No.  1)  and  this  rapidly  drops  as  salinity  increases.  Boron  behaves 
in  a  similar  fashion  and  is  presumably  absorbed  on  to  the  clay  lattice.  It  has  been 
claimed  (Keith  &  Degens  1959,  Potter  et  al.  1963)  that  sediments  in  a  marine 
environment  have  a  higher  boron  content  than  terrestrial  material.  It  should  be 
noted  that  sediments  developed  under  the  saline  basin  conditions  described,  mHit 
also  possibly  be  classed  as  marine  if  this  method  alone  was  used  to  characterize 
strata. 

Origin 

The  source  of  the  high  salinities  observed  in  these  waters  is  probably  eventually 
oceanic,  because  of  various  chemical  similarities.  Direct  concentration  of  oceanic 
water,  either  surface  or  trapped  pore  water,  resulting  from  the  Tertiary  marine 
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transgression,  does  not  seem  possible  because  of  the  time  lapse  and  the  limited 
nature  of  the  lakes.  Deposition  of  salts  blown  from  the  arid  interior  is  also  rejected, 
not  only  because  of  internal  evidence  such  as  Cl/Br  ratios,  but  also  physical  evidence 
of  lack  of  aeolian  transport  in  other  localities,  e.g.  Fournier  D’Albe  (1955)  in 
Baluchistan,  and  Bonython  (1956)  in  L.  Eyre. 

Concentration  from  rain  water,  which  normally  contains  small  quantities  of 
oceanic  salts,  is  known  as  the  ‘cyclic  salt  hypothesis’.  This  has  many  adherents  in 
Australia  and  elsewhere  (Anderson  1941,  1945;  Collins  &  Williams  1933;  Hutton 
&  Leslie  1958;  Jack  1921;  Jackson  1965;  Loewengart  1962;  Riffenberg  1926). 

In  rain,  calcium  increases  relative  to  other  cations  with  distance  from  the  sea. 
This  has  been  explained  as  resulting  from  small  particles  of  calcium  sulphate  which 
are  whirled  aloft  and  not  carried  down  by  rain-out  to  such  an  extent  as  the  more 
soluble  constituents.  These  latter  are  deliquescent,  form  droplets,  and  so  are  lost 
closer  to  the  coast  (Ericksson  1952,  1959;  Gorham  1958;  Junge  1954;  Squires 
1956;  Sugawara  et  al.  1949;  Twomey  1955). 

Woodcock  et  al.  (1953)  observed  that  bursting  bubbles  in  the  sea  were  very 
efficient  removers  of  the  surface  oily  layer  resulting  from  planktonic  organisms. 
This  organic  material  should  be  highly  concentrated  in  spray  and  because  it  possesses 
cation-exchange  properties,  it  has  been  suggested  as  an  explanation  of  differential 
sodium  to  chlorine  enrichment  in  rain-water  (Ericksson  1959).  Since  divalent  ions 
absorb  more  strongly  than  monovalent,  calcium  should  concentrate  with  the  organic 
material.  The  present  writer  would  suggest  that  such  organo-calcic  complexes 
should  be  hydrophobic,  dry  rapidly,  and  thus  remain  as  aerosols.  They  would,  in 
the  interior  of  arid  continents,  be  lost  by  fall-out  as  well  as  occasional  rain-out. 
Much  of  the  fine  loess-like  gypsum  of  the  Australian  interior  (kopi)  may  have 
arisen  by  this  mechanism  and  not  by  precipitation  from  a  lucustrine  or  estuarine 
environment.  The  grain-size  of  the  fine-grained  kopi  is  not  inconsistent  with  the 
type  of  material  obtained  technologically  by  spray-drying. 

To  explain  the  saline  basins  being  discussed  in  this  paper,  as  representing  residual 
liquor  due  to  evaporation  of  rain  water  kin  situ’,  does  not  seem  to  be  satisfactory 
to  the  author.  There  are  many  areas  in  the  region  where  the  waters  never  bcome 
more  than  slightly  brackish,  and  these  should  also  show  high  salinities,  especially 
as  they  may  often  evaporate  completely.  The  problem  is  one  which  presents  certain 
similarities  to  underground  waters.  With  these  latter  it  is  current  theory  that 
salinity  rise  is  due  to  differential  ion  filtration  through  negatively-charged  clay 
membranes  (Russell  1933,  De  Sitter  1947,  Bredehoeft  et  al.  1963).  In  the 
geological  section  drawn  by  Johns  &  Lawrence  (1964)  a  thick  band  of  clay  is 
shown  as  overlying  sand,  carbonaceous  clay,  and  some  lignite.  This  would  be  an 
ideal  membrane  under  the  above  scheme  of  concentration.  Fracturing  of  the  mem¬ 
brane  would  give  access  to  the  saline  waters  concentrated  beneath.  In  the  Tyrrell 
region  there  is  some  evidence  for  buried  ridges  and  valleys  and  saline  springs  are 
largely  responsible  for  the  lake  waters  (Hills  1939).  Although  the  eventual  source 
of  the  salts  is  oceanic,  it  is  more  than  likely  that  differential  dialysis  is  also  an 
important  process  in  the  concentration  process. 

In  conclusion,  it  is  pertinent  to  note  that  different  clays  might  well  be  expected 
to  behave  in  varying  fashions  in  their  ion-membrane  dialysis  properties.  Different 
rocks,  or  their  weathered  counterparts,  might  be  expected,  therefore,  to  concentrate 
salts  in  different  fashions.  The  statement  of  Plinius  thus  takes  on  a  new  and  more 
vivid  meaning.  ‘Tales  sunt  aquae,  qualis  terra  per  quum  fluunt’  (Waters  take  their 
nature  from  the  rocks  through  which  they  flow). 


576 


R.  J.  W.  McLAUGHLIN 


Acknowledgement 

The  help  of  Mrs  Jennifer  Macumber  (nee  Hughes)  with  the  analytical  work 
is  most  gratefully  acknowledged. 


References 

Anderson,  V.  G.,  1941.  The  origin  of  the  dissolved  inorganic  solids  in  natural  waters  with 
special  reference  to  the  O’Shannassy  River  catchment,  Victoria.  J.  Aust.  Chem.  Inst 
8:  130-150. 

- ,  1945.  Some  effects  of  atmospheric  evaporation  and  transpiration  on  the  composition 

of  natural  waters  in  Australia.  Ibid.  12:  41-68,  83-98. 

Baker,  G.,  1960.  Phytoliths  in  some  Australian  dusts.  Proc.  Roy.  Soc.  Viet.  72:  21-40. 

Baas-Becking,  L.  G.  M.,  and  Kaplan,  I.  R.,  1956.  The  microbiological  origin  of  the  sulphur 
nodules  of  Lake  Eyre.  Trans.  Roy.  Soc.  S.  Aust.  79:  52-65. 

Bonython,  C.  W.,  1956.  The  salt  of  Lake  Eyre — its  occurrence  in  Madigan  Gulf  and  its 
possible  origin.  Ibid.  79:  66-92. 

Bredehoeft,  J.  D.,  Blyth,  C.  R.,  White,  W.  A.,  and  Maxey,  G.  B.,  1963.  Possible  mechanism 
for  concentration  of  brines  in  sub-surface  formations.  Bull.  Amer.  Assn.  Petrol.  Geol 
47:  257-269. 

Buneev,  A.  N.,  1944.  On  the  origin  of  the  principal  types  of  mineralized  waters  in  sedimentary 
rocks.  C.R.  Acad.  Sci.  U.S.S.R.  45:  248-250. 

Cane,  R  F.,  1962.  The  salt  lakes  of  Linga,  Victoria.  Proc.  Roy.  Soc.  Viet.  75:  75-88. 

Clarke,  F.  W.,  1916.  The  data  of  geochemistry.  U.S.  Geol.  Surv.  Bull.  616:  821  p. 

Collins,  W.  D.,  and  Williams,  K.  T.,  1933.  Chloride  and  sulphate  in  rain  water.  Ind.  & 
Engng .  Chem.  25:  944-945. 

David,  D.  J.,  1962.  Determination  of  strontium  in  biological  materials  and  exchangeable 
strontium  in  soils  by  atomic  absorption  spectrophotometry.  Analyst  87:  576-585. 

Degens,  E.  T.,  1965.  Geochemistry  of  Sediments,  a  Brief  Survey.  Prentice-Hall,  New  Jersey 
U.S.A.,  342  p. 

De  Sitter,  L.  U.,  1947.  Diagenesis  in  oil  field  brines.  Bull.  Amer.  Assn.  Petrol.  Geol.  31* 
2030-2040. 

Emery,  K.  O.,  and  Rittenberg,  S.  C.,  1952.  Early  diagenesis  of  California  basin  sediments  in 
relation  to  origin  of  oil.  Ibid.  36:  735-806. 

Ericksson,  Erik,  1952.  Composition  of  atmospheric  precipitation,  Pt  II.  S,  Cl,  I  compounds. 
Tellus  4:  280-303. 

- ,  1959.  The  yearly  circulation  of  chloride  and  sulphur  in  nature;  meteorological, 

geochemical  and  pedological  implications.  Tellus  11:  375-403.  Part  2  Tellus  12: 
63-109. 

Fournier  d’Albe,  E.  M.,  1955.  Giant  hygroscopic  nuclei  in  the  atmosphere  and  their  role  in 
the  formation  of  rain  and  hail.  Arch.  f.  Met.  Geophys.  u.  Biochlimatologie  Ser.  A , 
8:  216-228. 

Gorham,  Eville,  1958.  The  influence  and  importance  of  daily  weather  conditions  in  the  supply 
of  chloride,  sulphate  and  other  ions  to  fresh  waters  from  atmospheric  precipitation. 
Philos.  Trans.  Roy.  Soc.  London  241 B:  147-178. 

Hanshaw,  B.  B.,  1964.  Clay  membrane  electrodes.  U.S.  Geol.  Surv.  Prof.  Paper  501  A:  195. 

Harder,  H.,  1965.  Experimente  zur  ausfallung  der  kieselsaure.  Geochim.  et.  Cosmochim.  Acta. 
29:  429-442. 

Hills,  E.  S.,  1939.  The  physiography  of  north-western  Victoria.  Proc.  Roy.  Soc.  Viet.  51: 
297-323. 

Hodge,  A.  J.,  McLean,  J.  D.,  and  Mercer,  F.  V.,  1956.  A  possible  mechanism  for  the 
morphogenesis  of  lamellar  systems  in  plant  cells.  Jour.  Biophys.  Biochem.  Cytology  2: 
597-608. 

Hudson,  F.  S.,  and  Taliaferro,  N.  L.,  1925.  Calcium  chloride  waters  from  certain  oil  fields 
in  Ventura  County,  California.  Bull.  Amer.  Assn.  Petrol.  Geol.  9:  1071-1088. 

Hutton,  J.  T..  and  Leslie,  T.  I.,  1958.  Accession  of  non-nitrogenous  ions  dissolved  in  rain 
water  to  soils  in  Victoria.  Aust.  Jour.  Agr.  Res.  9:  492-507. 

Iler,  R.  K.,  1955.  The  Colloid  Chemistry  of  Silica  and  Silicates.  Cornell  University  Press, 
Ithaca,  New  York,  U.S.A.  324  p. 

Jack,  R.  L.,  1921.  The  salt  and  gypsum  resources  of  South  Australia.  Geol.  Surv.  S.  Aust. 
Bull.  8:  118  p. 

Jackson,  D.  D.,  1905.  The  normal  distribution  of  chlorine  in  the  natural  waters  of  New  York 
and  New  England.  U.S.  Geol.  Surv.  Water  Supply  Paper  144:  1-31. 


GEOCHEMICAL  CONCENTRATION  UNDER  SALINE  CONDITIONS  577 

Johns,  M.  W.,  and  Lawrence,  C.  R.,  1964.  Aspects  of  the  geological  structure  of  the  Murray 
Basin  in  north-western  Victoria.  Geol.  Surv.  Viet.  Underground  Water  Investigation 
No.  10:  18  p. 

Junge,  C.  E.,  1954.  The  chemical  composition  of  atmospheric  aerosols.  1:  Measurements  at 
Round  Hill  field  station  June-July,  1953.  J.  Met.  11:  323. 

Keith,  M.  L.,  and  Degens,  E.  T.,  1959.  Geochemical  indicators  of  marine  and  freshwater 
sediments.  In  Researches  in  Geochemistry  (Abelson,  P.  H.  edit.),  Wiley,  New  York. 
Kuhn,  R.,  1955.  Mineralogische  fragen  der  in  den  kalisalzlagerstatten  vorkommenden  salze. 

Internut.  Kali-Ins  tit  ut.  Bern,  Switzerland.  Kalium-Symposium. 

Loewengart,  S.,  1962.  The  geochemical  evolution  of  the  Dead  Sea  Basin.  Bull.  Res.  Council, 
Israel  11G:  85-96. 

Madgin,  W.  M.,  and  Swales,  D.  A.,  1956.  Solubilities  in  the  system  CaSCL  —  NaCl  —  HzO 
at  25°  and  35°.  Jour.  Appl.  Chem.  6:  482-487. 

Morris,  R.  C.,  and  Dickey,  P.  A.,  1957.  Modern  evaporite  deposition  in  Peru.  Bull.  Amer. 
Assn.  Petrol.  Geol.  41:  2467-2474. 

Mullin,  J.  B„  and  Riley,  J.  P.,  1955.  The  colorimetric  determination  of  silicates  with  special 
reference  to  sea  and  natural  waters.  Analyt.  Chim.  Acta  12:  168-176. 

Posnjak,  E.,  1940.  Deposition  of  calcium  sulphate  from  sea  water.  Amer.  Jour.  Sci.  238: 
559-568. 

Potter,  P.  E.,  Shimp,  N.  F.,  and  Witters,  J.,  1963.  Trace  elements  in  marine  and  fresh¬ 
water  argillaceous  sediments.  Geochim.  et  Cosmochim.  Acta  27:  669-694. 

Quaide,  William,  1958.  Clay  minerals  from  salt  concentration  ponds.  Amer.  Jour.  Sci.  256: 
431-437. 

Rjffenburg,  H.  B.,  1926.  Chemical  character  of  ground  waters  of  the  northern  Great  Plains. 

U.S.  Geol.  Surv.  Water-supply  Paper  560-B:  31-52. 

Russell,  W.  L.,  1933.  Subsurface  concentration  of  chloride  brines.  Bull.  Amer.  Assn.  Petrol. 
Geol.  17:  1213-1228. 

Squires,  P.,  1956.  The  Micro-structure  of  cumuli  in  maritime  and  continental  air.  Tellus  8: 
443-444. 

Stewart,  F.  H.,  1963.  Data  of  Geochemistry.  Marine  Evaporites.  U.S.  Geol.  Surv.  Professional 
Paper  440-Y:  1-52, 

Sugawara,  K.f  Oana,  S.,  and  Kayama,  T.,  1949.  Separation  of  the  components  of  atmospheric 
salt  and  their  distribution.  Bull.  Chem.  Soc.  Japan  22:  147-152. 

Twomey,  S.,  1955.  The  distribution  of  sea  salt  nuclei  in  air  over  land.  J.  Met.  12:  81-86. 
Vogel,  A.  I.,  1961.  A  Textbook  of  Quantitative  Inorganic  Analysis.  Longmans,  Green  &  Co., 
London.  1216  p. 

Welcher,  F.  J.,  1958.  The  Analytical  Uses  of  Ethylenediamine-tetraacetic  Acid.  Van  Nostrand, 
Princeton,  U.S.A.  366  p. 

Willis,  J.  B.,  1963.  Atomic  absorption  spectroscopy.  In  Methods  of  Biochemical  Analysis 
(Glick,  D.,  edit.).  Interscience,  New  York,  Vol.  11:  1-67. 

Wilson,  C.  L.,  and  Wilson,  D.  W.,  1962.  Comprehensive  Analytical  Chemistry.  Elsevier, 
Amsterdam,  Vol.  IC,  728  p. 

Woodcock,  A.  H.,  Kientzler,  C.  F.,  Arons,  A.  B.,  and  Blanchard,  D.  C.,  1953.  Giant 
condensation  nuclei  from  bursting  bubbles.  Nature  172:  1144-1146. 

Zen,  E-An,  1965.  Solubility  measurements  in  the  system  CaSQ»  *—  NaCl  —  PLO  at  35°,  50°, 
and  70°C  and  one  atmosphere  pressure.  Jour.  Petrology  6:  124-164. 


36 


VEGETATION  STUDIES  IN  NORTH-WEST  VICTORIA 
I.  THE  BEULAH-HOPETOUN  AREA 

By  D.  J.  Connor 

Botany  Department,  University  of  Melbourne 

Summary 

The  soil  and  vegetation  interrelationships  of  an  area  of  the  Mallee  Region  of  Victoria  are 
discussed,  and  the  original  vegetation  formations  of  the  area  reconstructed  and  mapped  from 
remnants  preserved  along  road  reserves.  Two  distinct  sub-formations  are  present:  the  E. 
largiflorens  savannah  woodland  association  which  is  restricted  to  the  heavy  clay  soils  of  the 
flood  plain  of  the  Yarriambiac  Ck,  and  a  mixture  of  mallee  scrub  associations  which  dominate 
a  complex  of  lighter  soils  of  the  rest  of  the  area.  The  distribution  of  the  various  mallee 
eucalypts  was  analysed  using  positive  interspecific  correlation. 

Introduction 

The  area  studied  comprises  the  parishes  of  Kallery,  Carori,  Goyura,  and  parts 
of  the  parishes  of  Gutchu,  Byanga,  and  Galaquil.  It  covers  approximately  200 
square  miles  and  is  situated  between  the  towns  of  Beulah  and  Hopetoun  which  lie 
on  the  Henty  Highway  approximately  250  miles  NW.  of  Melbourne  (Fig.  1). 

Although  the  vegetation  of  the  region  is  predominantly  characterized  by 
members  of  the  multi-stemmed  group  of  the  genus  Eucalyptus  known  as  ‘mallees’, 
it  is  linked  with  grassland  and  savannah  woodland  communities  to  the  south,  by 
the  species  characteristic  of  the  flood  plain  of  the  Yarriambiac  Ck.  The  soils,  too, 
show  transitional  properties,  so  that  the  area  is  appropriately  referred  to  as  ‘Mallee 
Fringe’  country.  The  boundary  of  the  Murray  Mallee  Region  passes  through  the 
area  (Hills  1939). 

There  has  been  little  previous  work  on  soils  and  vegetation  in  the  Victorian 
Mallee  Region.  Zimmer  ( 1937)  dealt  only  in  very  general  terms  with  the  country  to 
the  north.  Newell  (1961)  described  the  soils  of  the  Mallee  Research  Station, 
Walpeup,  and  included  sparse  notes  on  the  vegetation.  Rowan  and  Downes  (1963) 
studied  the  whole  of  NW.  Victoria;  they  used  the  land  unit  approach  to  describe 
the  soils  and  their  land  use  characteristics. 

Physiography  and  Geology 

NNW.-SSE.  Ridges 

The  principal  physiographic  features  are  broadly  undulating  NNW.-SSE.  ridges 
approximately  2  miles  wide  and  spaced  about  the  same  distance  apart.  The  most 
conspicuous  of  these  are  the  two  which  govern  the  course  of  the  Yarriambiac  Ck, 
an  effluent  of  the  Wimmera  R.,  through  the  area  studied.  These  two  ridges  arise 
at  Jung,  60  miles  to  the  south,  and  continue  N.  to  Hopetoun.  Other  less  conspicuous 
ridges  can  also  be  located,  although  in  the  country  farther  north  they  are  obscured 
by  the  E.-W.  dune  component. 

Hills  (1939)  considered  these  ridges  to  represent  faulting  and  warping  in  the 
buried  bedrock  upon  which  the  Cainozoic  rocks  of  the  Mallee  Region  rest.  This 
view  has  not  been  supported  by  later  workers;  Blackburn  (1962)  believed  them  to 
represent  stranded  coastal  dunes  of  the  receding  Miocene  Murray  Gulf.  In  the 
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Beulah  Area  much  of  these  NNW.  ridges  has  been  overlain  by  Recent  sands  of  an 
E.-W.  dune  system.  Wherever  the  E.-W.  dune  system  is  absent  from  the  ridge 
surface,  ironstone  gravel  can  be  found  exposed,  indicating  perhaps  a  fossil  soil 
formation  and  certainly  an  older  land  surface.  At  present,  we  can  only  speculate 
on  the  age  of  these  structures;  as  a  buried  topography  they  could  be  of  Pliocene 
age  (cf.  Northcote  (1951)  at  Coomealta,  New  South  Wales);  as  stranded  dunes 
they  might  be  Pleistocene.  Sprigg  (1952)  suggested  that  the  beginning  of  the 
Pleistocene  corresponded  with  the  eastern  series  of  inland  stranded  coastal  dunes 
which  are  associated  with  the  Kanawinka  fault  running  through  Naracoorte,  South 
Australia.  However,  no  reliable  dating  is  available  and  the  Plio-Pleistocene  boundary 
remains  indefinite  (E.  D.  Gill  pers.  comm.). 

Inter-Ridge  Valleys 

The  valleys  between  the  NNW.-SSE.  ridges  are  based  upon  estuarine  and 
fluviatile  silts  and  clays  deposited  by  the  drainage  system  of  the  newly  elevated 
Pliocene  Murray  Gulf.  These  deposits  are  covered"  to  varying  extents,  or  have  their 
surface  layers  contaminated  with  accessions  of  sandy  material  from  the  NNW.-SSE. 
ridges,  E.-W.  dunes  (see  below),  and  by  regional  dust  (parna)  carried  in  by  the 
prevailing  winds.  Although  this  must  have  been  the  condition  80  years  ago  before 
settlement,  it  is  difficult  to  tell  how  much  of  the  intermingling  of  ridges  and  valleys, 
so  noticeable  at  the  present  time,  has  resulted  directly  from  the  large  scale  clearing 
that  commenced  around  1 880. 

Yarriambiac  Creek 

The  Yarriambiac  Ck  and  its  floodplain  have  characteristic  soils  and  vegetation 
and,  together,  are  appropriately  considered  as  a  distinct  physiographic  unit. 
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E.-W.  Dunes 

Recent  sands  have  encroached  westwards  on  to  the  area  from  stranded  coastal 
dunes  (Crocker  1946)  and  from  previous  courses  of  the  R.  Murray  (Sprigg  1959). 
These  have  been  shaped  under  the  influence  of  the  prevailing  winds,  by  a  com¬ 
bination  of  wind  channelling  and  sand  shepherding,  to  form  parallel  dunes.  The 
dominant  winds  in  the  Victorian  Mallee  Region  are  westerlies  so  the  resultant  dunes 
trend  E.-W.  On  the  broader,  Australia-wide  scale,  these  dunes  fit  into  the  anti- 
cyclonic  pattern  suggested  by  King  (1960). 

In  the  very  recent  past,  calcareous  loess  has  been  deposited  over  the  whole 
area  by  wind  winnowing  and  sifting  of  calcareous  coastal  dunes  in  South  Australia 
(Crocker  1946).  This  has  led  to  limestone  horizons  either  as  hard  bands  or  soft 
or  hard  rubble  in  many  soil  profiles.  That  soil  formation  has  been  intermittent  can 
be  seen  in  the  series  of  limestone  bands  in  some  profiles  (Hills  1939).  Drifting 
non-calcareous  sand  hills  in  virgin  scrub  show  that  soil  formation  is  only  poorly 
developed  in  adjacent  areas.  It  is  likely  (Crocker  1946)  that  primary  colonization 
of  these  aeolian  materials  began  as  recently  as  4,000  years  ago. 

Lunettes 

Attention  was  first  drawn  to  these  special  landforms  in  the  Echuca  district  and 
in  the  parish  of  Benjeroop,  Victoria,  by  Harris  (1939).  Hills  (1940)  proposed  a 
theory  for  their  genesis  and  named  them  lunettes.  Stephens  &  Crocker  (1946) 
showed  later  that  the  theory  of  loessial  accession  suggested  by  Hills  is  not  generally 
applicable.  The  lunettes  are  formed,  as  Harris  originally  pointed  out,  from  material 
derived  from  the  floors  of  the  adjacent,  associated  depressions  during  periods  in 
which  they  are  dry.  The  loessial  contributions  suggested  by  Hills  are  intermittent 
and  of  only  minor  importance. 

Two  large  lunettes  are  found  in  the  area  and  their  outlines  are  shown  on  the 
map  (Fig.  4)  adjacent  to  the  E.  margin  of  the  creek  flood  plain.  In  addition,  a 
number  of  smaller,  less  obvious  but  similar  structures  are  found  throughout  the 
area.  Because  of  the  greater  influence  of  sand  drift  in  the  Mallee  Region,  there  is 
an  appreciable  percentage  of  saltation  material  in  the  lunettes  in  contrast  to  the 
more  clayey  formations  of  the  Wimmera  Region. 

The  water  surfaces  once  associated  with  these  lunettes  have  now  subsided.  They 
were  previously  linked  with  the  now  dwindling  floodplain  of  the  Yarriambiac  Ck. 

Climate 

Meteorological  data  for  the  region  are  scarce,  although  a  good  synopsis  of 
available  information  has  been  prepared  by  the  Commonwealth  Meteorological 
Bureau  and  published  in  Resources  Survey— Mallee  Region  (Anon.  1952).  A 
summary  of  the  data  for  Beulah  is  made  in  Fig.  2.  Rainfall  varies  from  14*3"  per 
annum  in  the  south  to  13*2"  per  annum  20  miles  to  the  north.  Rosebery,  with  an 
annual  rainfall  of  only  12-4",  is  anomalous,  for  it  lies  S.  of  Hopetoun  and  pre¬ 
sumably  nearer  the  14"  annual  isohyet.  Although  rainfall  is  certainly  of  high 
winter-spring  incidence,  40%  of  the  rainfall  falls  in  the  summer  and  autumn  months 
outside  the  growing  season  of  cereal  crops. 

The  average  frost-free  period  (36°F  -F)  is  232  days. 

Drainage 

No  streams  arise  in  the  area  but  the  Yarriambiac  Ck,  an  effluent  of  the 
Wimmera  R.  at  Longeronong,  has  its  northward  course  through  the  study  area. 
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Fig.  2 — A  summary  of  climatic  data  for  Beulah.  Histogram  of  monthly  rainfall. 

Mean  monthly  maximum  ( - )  and  mean  monthly  minimum  ( - )  temperatures, 

and  the  monthly  frequency  of  screen  temperatures  equal  to  or  less  than  36°F 

(  •). 


Water  rarely  reaches  beyond  Warracknabeal  (22  miles  S.  of  Beulah),  although  in 
1956,  which  was  an  exceptionally  wet  year  throughout  the  State,  water  reached  as 
far  north  as  L.  Coorong  where  it  flooded  cereal  crops  sown  on  the  dried-out  lake 
bed.  L.  Coorong  is  situated  i  mile  SE.  of  Hopetoun  and  is  the  depression  in  which 
the  Yarriambiac  Ck  terminates. 

Soils 

A  consideration  of  geological  history  and  physiographic  development  suggests 
a  pedogenic  pattern  as  shown  by  Fig.  3.  This  pattern  is  borne  out  by  field  observa¬ 
tion  within  the  area.  The  three  types  of  parent  material,  indicated  in  the  centre  of 
the  diagrammatic  representation,  have  varied  with  time  depending  upon  a  great 
number  of  factors,  many  of  which  were  operative  in  neighbouring  physiographic 
zones.  Groups  B,  D,  and  F  cover  a  whole  range  of  soil  types  in  which  the  con¬ 
tribution  of  each  parent  material  varies  widely.  An  important  consideration  is  that, 
since  alluvial  material  predates  saltation  material  and  parna,  the  soils  in  Group  F 
can  show  the  morphological  feature  of  a  sudden  transition  to  a  clay  subsoil.  The 
surface  layers  represent"  later  accumulations  of  lighter  wind-borne  material.  The 
transition  is  not  a  result  of  pedogenic  processes  acting  on  a  given  parent  material, 
as  for  example,  in  the  formation  of  a  red-brown  earth. 
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Fig.  3 — Relationship  between  Parent  Materials  and  Soils  in  the  Beulah-Hopetoun 

area. 

Despite  the  variability  and  intergradation  of  soil  types,  it  is  convenient  to  deal 
with  the  soils  of  the  area  in  three  broad  groups  related  to  the  physiographic  divisions 
of  ridge  and  dune,  valley,  and  creek  flood-plain. 

Representative  profiles  are  described  in  Appendix  1,  although  with  such  a  wide 
variation  in  soil  characteristics  they  do  not  go  very  far  in  defining  the  soil  system 
of  the  area.  Much  additional  information  on  the  soils  can  be  obtained  from  Newell 
(1961),  who  has  described  similar  soils  in  detail  and  indicated  their  variations  for 
the  Mallee  Research  Station,  Walpeup,  some  70  miles  N.  of  the  study  area. 

Sandy  Soils  of  Ridges  and  Dunes:  Groups  A,  B 

The  older  sands  of  the  NNW.-SSE.  ridges  are  deep  coloured,  mostly  in  tones 
of  red,  whereas  the  later  additions  which  form  the  E.-W.  dunes  are  lighter  and 
more  yellow  in  colour.  King  (1960)  speaks  of  ‘white  sands’  as  opposed  to  ‘red 
sands’.  At  the  present  time  the  depth  of  loose  sand  is  variable,  but  in  general  terms 
depth  is  greater  on  the  dunes  than  on  the  ridges.  This  is  not,  however,  invariably 
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the  case.  Once  again  it  is  difficult  to  estimate  the  effects  of  the  accelerated  erosion 
of  the  past  80  years. 

A  limestone  layer,  which  is  an  important  feature  of  most  soils  in  this  grouping, 
is  very  variable  both  in  type  and  in  position.  Not  all  soils  have  massive  limestone 
in  the  profile,  but  most  are  highly  calcareous.  In  some  instances,  erosion  has 
exposed  limestone  rubble  on  the  surface  and  upon  this  a  further  profile  is  developing. 

No  fertility  differences  are  noticeable  in  the  sandy  soils.  Crop  growth  is  so 
dependent  upon  the  moisture  regime  that  major  variations  in  yield  can  easily  be 
attributed  to  either  seasonal  rainfall,  pre-cropping  treatment  or  both.  Under  the 
prevailing  rainfall  the  water  relations  in  these  sandy  soils  are  fair  for  cereals  and 
good  for  deep  rooted  species. 

Loams  and  Light  Clays  of  the  Inter-Ridge  Valleys:  Groups  C,  D 

Surface  texture  and  depth  to  subsoil  vary  considerably  in  these  soils  but  can 
usually  be  related  to  the  proximity  of  a  sand  source.  Once  again,  the  precaution  is 
added  that  it  is  difficult  to  estimate  the  changes  in  the  nature  of  the  surface  soil 
in  the  years  following  clearing.  For  the  major  part  these  soils  have  less  than  6  in. 
of  light  material  overlying  the  clay  subsoil,  although  on  roadsides  it  is  possible  to 
see  up  to  2  ft  or  even  more  of  sandy  accession  collected  against  fences.  Many 
fences  in  the  area  are  lifted  every  few  years;  in  other  cases  completely  new  fences 
have  been  erected  over  existing  ones. 

In  the  uncultivated  state  these  soils  show  the  gilgai  micro-structure  so  common 
in  the  heavy  soils  of  regions  of  sparse  rainfall.  In  summer,  when  these  soils  dry 
out,  they  crack  deeply  and  particles  of  the  surface  soil  fall  down  the  cracks  adding 
to  the  bulk  of  the  soil  below.  On  rewetting,  the  clay  minerals  of  the  subsoil,  when 
of  the  type  that  swell  greatly,  exert  increased  pressure  which  is  relieved  along  lines 
of  weakness  to  form  the  characteristic  mounds  on  the  surface.  Since  the  alternative 
name  ‘crabhole’  infers  depression  formation,  the  aboriginal  name  gilgai  is  preferred 
(Leeper  1957).  Under  repeated  cultivation  these  minor  surface  fluctuations  tend 
to  be  ironed  out.  In  paddocks  in  which  no  gilgai  formations  are  prominent  it  is 
possible  to  pick  up  their  existence  on  20-chains  per  inch  aerial  photomaps. 

The  clay  soils  have  poor  moisture  relationships  and  consequently  their  useful¬ 
ness  for  agriculture,  even  with  the  fallow  technique,  is  largely  governed  by  rain 
falling  in  the  growing  season. 

Soils  of  the  Creek  Flood  Plain:  Group  E 

In  some  cases  these  soils  correspond  closely  with  those  of  the  previous  group, 
but  in  more  typical  locations  they  are  equivalent  to  the  grey  and  brown  self¬ 
mulching,  gilgai  soils  of  the  Wimmera  plains  such  as  have  been  described  by  Skene 
(1954,  1959),  and  in  equivalent  locations  by  Zimmer  (1937),  Beadle  (1948),  and 
Specht  (1951). 

In  some  places,  which  from  aerial  photography  appear  to  be  related  to  old 
courses  of  the  Yarriambiac  Ck,  a  soil  with  a  red  clay  surface  is  found.  Two  profiles 
taken  20  yds  apart  on  the  same  ground  level  describe  the  two  contrasting  soil  types 
(Appendix  1,  profiles  la,  lb).  It  seems  probable  that  these  soils  have  formed  on 
different  parent  materials  and  perhaps  under  different  drainage  conditions  related 
in  some  way  to  previous  courses  of  the  Yarriambiac  Ck. 

Vegetation 

The  classification  of  the  vegetation  formations  and  the  structural  formulae 
applied  to  them  follow  Wood  &  Williams  (1960).  One  alteration  in  their  nomen- 
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clature,  however,  is  considered  necessary.  This  is  to  re-name  their  formation 
sclerophyll-shrub-woodland  (T/S^Cd))  as  sclerophyll-scrub.  The  word  woodland 
has  been  misused  in  this  structural  series,  in  which  the  spacing  of  the  tallest  stratum 
is  dense  (d).  If  this  alteration  is  made,  the  Mallee,  a  multi-stemmed  sub-form  of 
the  sclerophyll-scrub  formation,  is  terminologically  as  well  as  structurally  distinct 
from  the  woodland  formation  and,  in  particular,  the  sub-form  savannah-woodland. 

In  the  Beulah-Hopetoun  area,  only  these  two  sub-forms,  mallee  and  savannah- 
woodland,  are  present. 

Savannah  Woodland  TG(m.d.) 

The  Eucalyptus  largiflorens*  association  is  confined  to  the  heavy  textured, 
alkaline,  gilgai  soils  (Group  E)  of  the  flood  plain  of  the  Yarriambiac  Ck  and  to 
a  few  isolated  patches  of  internal  drainage  among  the  mallee  sub-formation  in  the 
inter-ridge  valleys.  The  association  has  been  described  for  equivalent  habitats  in 
New  South  Wales  (Beadle  1948),  South  Australia  (Specht  1951),  and  also  in 
Victoria  (Zimmer  1937)  .  An  occasional  tree  of  Casuarina  leuhmannii  or  Myoporum 
platycarpum  is  found  with  E.  largiflorens.  Casuarina  forms  extensive  stands  in  the 
Wimmera  but  in  this  area  it  is  restricted  to  the  E.  largiflorens  association. 
Myoporum ,  a  species  common  in  more  arid  environments,  occurs  scattered  through¬ 
out  the  area. 

*  The  authorities  for  species  names  are  contained  in  Appendix  2 — Species  Lists. 

Mature  trees  of  E.  largiflorens ,  which  may  be  up  to  60  ft  high,  have  a  char¬ 
acteristic  rounded  crown  with  lower  branches  often  drooping  to  the  ground.  It  is 
difficult  to  be  sure  of  the  spacing  of  the  trees  in  the  natural  condition  except  to 
say  that  they  fit  into  the  mid-dense  (m.d.)  classification  of  Wood  &  Williams 
(1960),  i.e.  spacing  greater  than  twice  the  crown  diameter. 

The  ground  cover  was  probably  originally  dominated  by  the  genera  Danthonia 
and  Stipa  but  is  now  largely  replaced  by  a  weed  flora.  Only  occasional  shrubs  such 
as  Acacia  oswaldii  and  Eremophila  longifolia  are  present.  A  list  of  species  collected 
in  this  association  is  provided  in  Appendix  2. 

Mallee  T/SiS2(d.) 

Members  of  this  multi-stemmed  group  of  the  genus  Eucalyptus  comprise  the 
dominant  species  of  the  most  widespread  vegetation  sub-formation  of  the  area. 
Height  of  the  mallees  varies  from  as  low  as  10  ft  to  as  high  as  40  ft  in  some  cases. 
The  tallest  specimens  are  E.  behriana  growing  in  the  wetter  sites  within  its  distri¬ 
bution.  These  specimens  which  are  included  in  the  structural  formulae  as  T/Si, 
are  often  single  stemmed  but  present  a  gradation  from  this  form  to  the  mallee  habit. 
Spacing  of  the  eucalypts  is  dense,  in  many  cases  with  touching  canopies.  Low 
shrubs  (S2),  especially  of  the  genus  Acacia,  are  common.  In  the  ground  layer  there 
is  a  noticeable  contribution  by  the  semi-succulent  members  of  the  family  Cheno- 
podiaceae  which  link  the  vegetation  of  this  region  with  the  more  arid  vegetation  to 
the  north.  It  is  because  of  the  presence  of  these  plants  that  the  term  ‘semi-arid 
mallee’  has  been  applied  to  the  drier  end  of  the  mallee  sub-formation  (Wood  & 
Williams  1960). 

A  major  part  of  the  study  of  this  area  was  concerned  with  analysing  the 
distribution  of  the  various  mallee  species.  Traverses  were  made  along  all  passable 
roads  in  the  area,  and  at  0*3  mile  intervals  the  dominant  species  and  surface  soil 
characteristics  were  recorded.  Additional  recordings  were  made  at  any  opportunity. 
Since  most  of  the  area  is  cleared  and  under  cultivation  the  only  vegetation  remain¬ 
ing  is  found  along  the  roads.  In  most  cases  this  is  regrowth  following  ‘rolling’  or 
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burning  in  the  past.  As  the  lignotuber  present  in  mallee  eucalypts  enables  the  species 
to  survive  either  of  these  methods  of  destruction,  it  is  assumed  that  the  natural 
distribution  of  these  species  has  not  been  upset  by  the  intervention  of  man.  The 
texture  of  the  surface  soil  at  each  site  was  noted  at  a  suitable  distance  inside 
adjacent  paddocks.  This  position  was  selected  because  the  roadside  vegetation  and 
fences,  which  frequently  show  accumulations  of  wind-borne  material  from  the 
adjacent  farmlands,  are  much  lighter  in  surface  texture  than  they  were  under 
natural  conditions.  Within  limits,  surface  soil  texture  indicates  the  position  of  any 
site  in  respect  to  ridge,  dune  or  inter-ridge  valley. 

The  most  common  mallee  eucalypts  in  the  area  are:  E.  oleosa ,  E.  dumosa, 
E.  calycogona,  E.  behriana.  Others  present  are  E.  gracilis ,  E.  viridis,  E.  incrassata 
var.  costata ,  and  E.  foecunda.  From  each  of  503  sites  which  fell  within  the  mallee 
sub-formation,  the  percentage  of  sites  of  each  surface  texture  carrying  each  of 
these  species  was  calculated.  These  data  are  presentd  in  Table  1. 

Table  1 

Distribution  of  the  Major  Mallee  Eucalypts  with  Respect  to  Surface  Soil  Texture 
( %  of  sites  of  a  given  textural  class  which  contain  each  species) 


Surface  Soil  Texture 

Species 

Loamy 

sand 

Is 

Sandy 

loam 

si 

Sandy 
clay  loam 
scl 

Clay 

loam 

cl 

Sandy 

clay 

sc 

Clay 

c 

E.  behriana . . 

4 

33 

50 

76 

98 

100 

E.  dumosa  . . 

95 

100 

90 

89 

79 

44 

E.  calycogona 

41 

61 

57 

54 

17 

0 

E.  oleosa 

94 

85 

53 

27 

6 

0 

No.  of  sites  in  each  textural 
group  . 

155 

100 

90 

96 

53 

9 

The  pattern  which  shows  up  so  well  in  these  data  is  not  always  obvious  in  the 
field;  however,  the  large  number  of  sites  studied  has  enabled  distribution  to  be 
analysed  with  confidence.  E.  oleosa  shows  a  strong  preference  for  the  soils  of  the 
lightest  surface  soil  texture  class.  The  occurrence  of  this  species  quickly  drops  on 
soils  with  increasingly  heavier  surface  soil  texture.  E.  behriana  on  the  other  hand  is 
found  more  frequently  on  the  heavier  surface  soil  texture  types,  but  a  noticeable 
feature  is  that  it  is  more  tolerant  of  lighter  surface  textures  than  is  E.  oleosa  of 
the  heavier  surface  textures. 

The  explanation  of  this  lies  in  the  surface  soil  texture  distribution  in  the  area. 
What  is  being  shown  is  that  E.  behriana  is  limited  almost  entirely  to  soils  of  the 
valleys.  Such  soils  have  a  range  of  surface  soil  textures  from  sandy  loam  to  clay 
with  an  increasing  incidence  in  the  latter  two  classes.  This  is  a  result  of  erosive 
processes  which  have  been  stressed  previously.  On  the  other  hand,  E.  oleosa  is 
restricted  to  the  soils  of  the  ridges  and  dunes,  which  do  not  have  a  wide  surface 
soil  texture  distribution,  but  which  are  largely  of  the  two  lightest  classes.  The 
spread  of  each  species  towards  the  other  end  of  the  surface  texture  scale  is  a 
measure  of  the  mixing  of  the  two  species  at  the  ecotonal  boundaries. 
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The  distribution  of  E.  calycogona  and  E.  dumosa  show  no  striking  relationship 
but  appear  to  extend  over  the  whole  range  of  surface  soil  texture  classes.  The 
noticeable  drop  in  the  distribution  of  E.  dumosa  on  the  clay  surface  soil  texture 
class  shows  up  in  x2  tests  in  Table  2.  E.  behriana  which  is  prominent  on  these  soils 
is  non-randomly  distributed  with  E.  dumosa.  It  is  considered  that  this  non¬ 
randomness  is  built  up  on  these  soils  of  heavy  surface  texture,  and  that  E.  dumosa 
does,  as  Table  1  illustrates,  give  way  on  these  heavy  surface  soil  types  to 
E.  behriana  which  then  exists  as  a  pure  stand.  The  wide  ecological  range  of 
E.  dumosa  can  be  partly  answered  by  indicating  that  it  really  consists  of  a  species 
complex.  Although  such  a  statement  may  be  true  of  many  species  one  would 
care  to  study,  it  is  significant  that  a  portion  of  the  material  included  under  the 

Table  2 

Association  of  dominant  Mallee  species 
o  E.  oleosa  c  E.  calycogona 

b  E.  behriana  d  E.  dumosa 


Test 

X2 

Distribution 

Probability 

i 

o  x  c 

12.9 

non  random 

<  0.01 

ii 

o  x  d 

12.8 

if 

<  0.01 

iii 

o  x  b 

148.2 

!f 

<<  0.001 

iv 

c  x  d 

2.62 

random 

>  0.05 

V 

c  x  b 

4.34 

1! 

>  0.05 

vi 

d  x  b 

14.18 

non  random 

<  0.01 
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name  E.  dumosa  does  in  fact  bear  strong  resemblance  to  the  type  specimen  of 
E.  pileata  Blakely.  Other  material  shows  intermediary  characters.  A  similar  situation 
has  recently  been  shown  to  exist  on  Eyre  Peninsula,  South  Australia  (Smith  1963). 

Another  way  of  expressing  the  distribution  of  the  mallee  eucalypts,  which  is 
independent  of  soil  characteristics,  involves  the  use  of  contingency  tables  (Goodall 
1953).  With  the  large  number  of  sites  available,  it  is  possible  to  place  a  good  deal 
of  reliance  on  the  outcome  of  these  tests.  Straightforward  2x2  presence  and 
absence  tables  for  pairs  of  species  are  the  most  useful,  since  higher  order  tables 
are  generally  difficult  to  interpret. 


Eucalyptus  largiflorens  association 
|  ‘  -  '\  E.  behriana  association 

E.  oleosa  -  E.  dumosa  association 


-  roods, tracks 


soil  prof  iles 
examined 


Fig.  4 — Vegetation  map  for  the  Beulah-Hopetoun  area. 
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Table  2  summarizes  the  results  of  x2  tests  carried  out  on  the  four  major 
eucalypts.  The  most  noticeable  feature  is  the  wide  separation  of  E.  oleosa  (o) 
and  E.  behriana  (b)  which,  using  surface  soil  texture  characteristics,  occupy 
contrasting  physiographic  positions. 

The  distribution  of  E.  dumosa  follows  that  of  E.  oleosa  but  it  is  largely  segre¬ 
gated  from  E.  behriana.  E.  calycogona  appears  to  occupy  an  intermediary  position 
linking  E.  oleosa  and  E.  behriana ,  which  occupy  the  extreme  physiographical  and 
pedological  positions  in  the  area. 

From  the  above  observations  the  mallee  sub-formation  of  this  area  has  been 
divided  into  two  parts,  viz.  the  E.  behriana  association  and  the  E.  oleosa-E.  dumosa 
association  (Fig.  4).  These  correspond  to  valley  and  dune  areas  respectively. 

Observations  on  the  less  common  mallee  species  do  not  lend  themselves  to  any 
statistical  analysis.  E.  incrassata  was  found  on  six  sites  which  were  in  the  loamy 
sand  surface  texture  class,  and  for  three  of  these  sites,  at  which  soil  cores  were  taken, 
the  depth  of  sand  exceeded  the  54-in.  range  of  the  soil  sampling  tube.  It  would 
appear  that  E.  incrassata  is  limited  to  those  situations  with  the  deepest  surface 
sand  layers — sites  which  are  usually  associated  with  the  E.-W.  dune  component. 

A  species  list  for  the  component  associations  is  presented  in  Appendix  2. 


Table  3 

Plant  Associations  of  the  Beulah-Hopetoun  Area 


Sub- 

Formation 

Structural 

Formula 

Community 

Rainfall 
(in.  per  annum) 

Soils 

Savannah 

Woodland 

TG  (m.d.) 

1.  E.  largiflorens 
association 

14-3-12-4 

Grey,  brown  soils  of  heavy 
texture  associated  with  the 
flood  plain  of  the  Yarri- 
ambiac  Ck 

Mallee 

T/SjSa  (d) 

2.  E.  behriana 
association 

14-3-12-4 

Light  clays  of  the  inter-ridge 
valleys 

SxS2  (d) 

3.  E.  oleosa- 
E.  dumosa 
association 

14*3-12-4 

Solonized  brown  soils  with 
sand  up  to  3  ft  deep 

SxS2  (d) 

4.  E.  incrassata* 
association 

13-2-12-4 

Sandy  soils  with  depth  of  sand 
>  4  ft,  associated  with  the 
younger  E.-W.  dune  system 

*  Rare  in  this  area. 


Discussion 

In  Table  3  the  relationships  between  the  structure  and  distribution  of  the 
vegetation  associations  present  in  the  area  are  summarized.  The  distribution  of 
these  associations  is  recorded  on  a  map  of  the  area  (Fig.  4). 
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Explanation  of  Plate 

Plate  58 

Fig.  a _ E.  largiflorens  association,  in  this  case  with  Muehlenbeckia  cunninghamii. 

Fig.  b — E.  oleosa-E.  dumosa  association. 
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Appendix  1 

Representative  Soil  Profiles  from  the  Beulah-Hopetoun  Area 

1.  Eucalyptus  largifiorens  association  (Savannah  Woodland  Sub-formation) 

(1  mile  S.  of  Goyura) 

(a)  0-6"  grey  (10YR5/1)  (Munsell  1948)  light  clay  breaking  down  to  fine  granular 

aggregates  when  dry.  Fine  calcium  carbonate  concretions. 

6-12"  dark  grey  (10YR4/1)  medium  clay  of  blocky  structure.  Friable  with  slight 
soft  calcium  carbonate  concretions. 

12-48"  gradual  transition  to  greyish  brown  (2-5Y5/2)  medium  clay  high  in  calcium 
carbonate. 

48"  continuing. 

(b)  20  yds  from  (a) 

0-6"  dark  reddish  brown  (5YR3/4)  medium  clay  forming  a  surface  seal  after  rain. 
6-12"  dark  red  (5YR3/6)  medium  clay  with  blocky  structure. 

12-48"  gradual  transition  to  yellowish  red  (5YR4/6)  medium  clay  high  in  calcium 
carbonate. 

48"  continuing. 

2.  Eucalytus  behriana  association  (Mallee  Sub-formation) 

(5  miles  W.  of  Goyura) 

0-3"  dull  reddish  brown  (5YR4/4)  sandy  loam  showing  stratification,  and  having  a 
clear  boundary  with 

3-10"  dark  reddish  brown  (5YR3/4)  sandy  clay  loam  increasing  gradually  in  texture 
to 

10-24"  reddish  brown  (5YR4/4)  light  clay  with  slight  lime  passing  to 
24-42"  yellowish-red  (5YR4/6)  medium  clay  with  pale-brown  mottling  and  moderate 
lime 

42"  continuing. 

3  Eucalyptus  oleosa-E.  dumosa  association  (Mallee  Sub-formation) 

(4  miles  W.  of  Goyura) 

0-5"  reddish  brown  (5YR4/4)  sandy  loam  with  slight  fine  soft  lime. 

5-20"  soft  lime  increasing  with  depth. 

20-30"  dull  reddish  brown  (5YR4/4)  sandy  loam  with  massive  travertine  layer. 
30-39"  yellowish-red  (5YR4/6)  light  sandy  clay  with  medium  lime  and  rubble. 

4.  Eucalyptus  oleosa-E.  dumosa  association  (Mallee  Sub-formation) 

(7  miles  W.  of  Goyura) 

0-3"  dull  reddish  brown  (5YR4/4)  sandy  loam  with  organic  matter 

3-27"  dull  reddish  brown  (5YR4/4)  sandy  loam  sharp  boundary  with 
27-33"  red  sand  (2-5YR4/6)  grading  into 
33-39"  red  sand  (2-5YR4/6)  with  soft  limestone  rubble 
39"  -f  heavy  limestone  rubble. 
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APPENDIX  2 

A  List  of  Plants  Recorded  Growing  in  the  Component  Associations 


1 .  Eucalyptus  largiftorens  association 

2.  E.  oleosa-E.  dumosa  association 

3.  E.  behriana  association 

An  asterisk  before  a  species  name  indicates  that  the  species  is  introduced. 


1 

2 

3 

Cupressaceae 

Callitris  preissii  Miq.  -  --  --  --  --  --  --  - 

— 

+ 

— 

Gramineae 

*  Ehrharta  calycina  Sm.  -  --  --  --  --  --  --  - 

— 

+ 

— 

Distichlis  distichophylla  (Labill.)  Fasset  -  --  --  --  -- 

+ 

— 

— 

*  Lolium  perenne  L.  —  —  —  —  —  —  —  —  —  —  —  —  —  —  — 

4- 

— 

4- 

*  L.  rigidum  Gaudin  -  --  --  --  --  --  --  -- 

+ 

+ 

4- 

*  Bromis  mollis  L.  ---------------- 

4- 

— 

4- 

*  B.  diandrus  Roth  -  --  --  --  --  --  --  -- 

— 

-F 

+ 

*  B.  rubens  L.  -  --  --  --  --  --  --  --  -- 

+ 

+ 

4- 

*  Hordeum  leporinum  Link  -  --  --  --  --  --  -- 

+ 

-F 

+ 

*  H.  hystrix  Roth  -  --  --  --  --  --  --  --  - 

+ 

+ 

4- 

*  A  vena  fatua  L.  -  --  --  --  --  --  --  --  - 

+ 

+ 

+ 

*  Air  a  caryophyllea  L.  -  -  --  --  --  --  --  --  - 

-F 

+ 

4- 

*  Phalaris  minor  Retz.-  -  --  --  --  --  --  --  - 

-F 

— 

— 

Agrostis  avenacea  J.  F.  Gmel.  -  --  --  --  --  --  - 

4- 

— 

— 

Chloris  trimcata  R.Br.  -  --  --  --  --  --  --  - 

-F 

— 

— 

Cynodon  dactylon  (L.)  Pers.-  -  --  --  --  --  --  - 

-F 

— 

— 

*  Schismus  bar  bat  us  (L.)  Thell.  -  --  --  --  --  --  - 

— 

-F 

— 

Danthonia  setacea  R.Br.-  -  --  --  --  --  --  -- 

+ 

4- 

— 

D.  caespitosa  Gaudich.  -  --  --  --  --  --  --  - 

-F 

— 

+ 

Stipa  platvchacta  D.  K.  Hughes  -  --  --  --  --  -- 

— 

4- 

4- 

S.  aristiglumis  F.  Much.  -  --  --  --  --  --  -- 

-F 

4- 

— 

S.  variabilis  D.  K.  Hughes  ------------- 

+ 

4- 

4- 

S .  nitida  V.  S.  Summerhayes  and  C.  E.  Hubbard  ------ 

— 

4- 

S.  drummondii  Steud.  -  --  --  --  --  --  --  - 

— 

4- 

— 

S.  eremophila  F.  M.  Reader  -  --  --  --  --  --  - 

— 

+ 

4- 

Panicum  prolutum  F.  Muell.  -  --  --  --  --  --  - 

— 

— 

4- 

*  P.  milaceum  L.  -  --  --  --  --  --  --  --  - 

— 

-F 

— 

Cyperaceae 

*  Cyperus  eragrostis  Lam.-  -  --  --  --  --  --  -- 

+ 

— 

— 

Eleocharis  acuta  R.Br.  -  --  --  --  --  --  --  - 

4- 

— 

— 

Carex  inversa  R.Br  -  --  --  --  --  --  --  -- 

-F 

— 

— 

Juncaceae 

Juncus  pallidus  R.Br.  -  --  --  --  --  --  --  - 

4- 

— 

— 

J.  filicaulis  Buch.-  -  --  --  --  --  --  --  -- 

+ 

— 

— 

Liliaceae 

*  Asphodel  us  fistulosus  L.  -------------- 

— 

4- 

— 

Bulbine  bulbosa  (R.Br)  Haw.  -  --  --  --  --  --  - 

4- 

— 

— 

Dianella  revoluta  R.Br.  -  --  --  --  --  --  --  - 

— 

4- 

4- 

Casuarinaceae 

Casuarina  luehmannii  R.  T.  Baker  ----------- 

+ 

— 

— 

Proteaceae 

Hakea  vittata  R.Br.  --------------- 

— 

4- 

— 

Loranthaceae 

Amvema  miquelii  (Lehm.)  Van  Tiegh.-  -  --  --  --  -- 

— 

— 

-F 

Santalaceae 

Santalum  acuminatum  (R.Br.)  A.DC.  -  --  --  --  --  - 

4- 

+ 
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1 

2 

3 

POLYGONACEAE 

♦  Polygonum  aviculare  L.  -------------- 

4- 

4- 

— 

*  P.  bellardii  All.  -  --  --  --  --  --  --  --  - 

— 

4- 

— 

Muehlenbeckia  cunninghamii  (Meissn.)  F.  Muell.  ------ 

+ 

— 

— 

Rumex  crvstallinus  Lange  -  --  --  --  --  --  -- 

+ 

— 

— 

*  R.  ace  to  sella  L.  -  --  --  --  --  --  --  --  - 

+ 

— 

4- 

Chenopodi  aceae 

Rhagodia  spinescens  R.Br.  -  --  --  --  --  --  -- 

4- 

— 

— 

R.  nutans  R.Br.  -  --  --  --  --  --  --  --  - 

4- 

4- 

4- 

Che  no  podium  album  L.  -  --  --  --  --  --  --  - 

+ 

4- 

4- 

C.  pumilio  R.Br.  ---------------- 

+ 

4- 

4- 

Atriplex  semibaccata  R.Br.  ------------- 

+ 

4- 

4- 

A.  muelleri  Benth.  -  --  --  --  --  --  --  -- 

— 

— 

4- 

Bassia  uni  flora  (R.Br.)  F.  Muell.  -  --  --  --  --  -- 

+ 

4- 

4- 

Ko  chia  brevi folia  R.Br.  -  -  —  - 

4- 

4- 

4- 

K.  pent  ago  ria  R.  H.  Anderson  -  --  --  --  --  --  - 

4- 

— 

Enchylaena  tomentosa  R.Br.  -  --  --  --  --  --  - 

4- 

4- 

4- 

Salsola  kali  L.  -  --  --  --  --  --  --  --  - 

4- 

4- 

4- 

Amaranthaceae 

Alternanthera  dent  icu  lata  R.Br.-  -  --  --  --  --  -- 

4- 

— 

— 

Portulacaceae 

Portulaca  oleracea  L.  -  --  --  --  --  --  --  - 

4- 

— 

4- 

Ranunculaceae 

Clematis  microphylla  DC.  -  --  --  --  --  --  -- 

— 

4- 

— 

Lauraceae 

Cassytha  melantha  R.Br.  -  --  --  --  --  --  -- 

— 

4- 

— 

Papaveraceae 

*  Papaver  hybridum  L.-  -  --  --  --  --  --  --  - 

— 

4- 

4- 

*  Fu  maria  micrantha  Lag.-  -  --  --  --  --  --  -- 

— 

4- 

4- 

Cruci  ferae 

*  Brassica  tournefortii  Gouan-  -  --  --  --  --  --  - 

— 

4- 

4- 

*  Sisymbrium  orientale  L. 

4- 

4- 

4- 

*  Raphuntis  raphanistrum  L.  -  --  --  --  --  --  -- 

— 

— 

4- 

Pittosporaceae 

Pittosporum  phillyreoides  DC.  -  --  --  --  --  --  - 

— 

4- 

4- 

Bur  sari  a  spinosa  Cav.  -  --  --  --  --  --  --  - 

— 

— 

4- 

Bi  Hardier  a  cymosa  F.  Muell.  -  --  --  --  --  --  - 

— 

4- 

— 

Leguminosae 

Acacia  acinacea  Lindl.  -  --  --  --  --  --  --  - 

— 

4- 

4- 

A.  microcarpa  F.  Muell.-  -  --  --  --  --  --  -- 

— 

4- 

4- 

A.  ligulata  A.  Cunn.  ex  Benth.-  -  --  --  --  --  -- 

4- 

— 

4- 

A.  hakeoides  A.  Cunn.  ex  Benth.  -  --  --  --  --  -- 

4- 

— 

A.  pv  cant  ha  Benth.  -  --  --  --  --  --  --  -- 

— 

4- 

4- 

A.  lineolata  Benth.  -  --  --  --  --  --  --  -- 

— 

4- 

4- 

A.  oswaldii  F.  Muell.  -  --  --  --  --  --  --  - 

4- 

4- 

Cassia  nemophila  A.  Cunn.  ex  Vog.  -  --  --  --  --  - 

4- 

4- 

C.  sturtii  R.Br.  -  --  --  --  --  --  --  --  - 

4- 

— 

4- 

*  Medic  ago  minima  (L.)  L.  -  --  --  --  --  --  -- 

4- 

4- 

4- 

*  M.  truncatulata  J.  Gaertn.  (syn.  M.  tribuloides  Desr.)  ----- 

4- 

4- 

4- 

*  M.  sativa  L.  -  --  --  --  --  -  -  --  --  -- 

— 

4- 

4- 

*  M.  polymorpha  L.  var.  ciliaris  (Ser.)  Shinners  ------- 

— 

4- 

4- 

*  M.  polymorpha  L.  var.  polymorpha  (syn.  M.  denticulata  Willd.)  -  - 

4- 

4- 

4- 

*  M.  scutellata  (L.)  Mill.  -  --  --  --  --  --  --  - 

— 

4* 

— 

♦  M.  littoralis  Rhode.  --------------- 

— 

4- 

— 

*  M.  minima  (L.)  L.  -  --  --  --  --  --  --  -- 

4- 

4- 

4- 

*  Melilo  tits  indie  a  (L.)  All.  -  --  --  --  --  --  -- 

— 

4- 

4- 

Templetonia  sulcata  (Meissn.)  Benth.  -  --  --  --  --  - 

4- 

Swainsona  procumbens  (F.  Muell.)  F.  Muell.-  ------- 

— 

— 

4- 

S.  swainsonioides  (Benth.)  A.  T.  Lee  -  --  --  --  --  - 

4- 

*  Vicia  sativa  L.  -  --  --  --  --  --  --  --  - 

— 

4- 

— 
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1 

2 

3 

OXALIDACEAE 

Oxalis  corniculata  L.  -  --  --  --  --  --  --  - 

— 

+ 

-F 

O.  pes-caprae  L.  ---------------- 

— 

4- 

4- 

Geraniaceae 

*  Erodium  cicutarium  (L.)  Ait.  -  --  --  --  --  --  - 

+ 

4- 

-F 

*  E.  crinitum  R.  C.  Carol  in  -  --  --  --  --  --  -- 

+ 

4- 

4- 

Zygophyllaceae 

Zygophyllum  glaucum  F.  Muell.  -  --  --  --  --  -- 

— 

+ 

4- 

Euphorbiaceae 

Euphorbia  drummondii  Boiss.  -  --  --  --  --  --  - 

— 

+ 

4- 

Malvaceae 

Lava  t  era  plebeia  Sims - - 

+ 

4- 

4- 

Si  da  corrugata  Lindl.  --------------- 

— 

+ 

4- 

Myrtaceae 

Eucalyptus  incrassata  Labill.  -  --  --  --  --  --  - 

— . 

+ 

— 

E.  dumosa  A.  Cunn.  ex  Schauer  -  --  --  --  --  -- 

— 

-F 

-F 

E.  oleosa  F.  Muell.  ex  Miq.  -  --  --  --  --  --  - 

— 

+ 

-F 

E.  gracilis  F.  Muell.-  -  --  --  --  --  --  --  - 

— 

4- 

E.  calycogona  Turcz.  -  --  --  --  --  --  --  - 

— 

4- 

4- 

E.  viridis  R.  T.  Baker  -  --  --  --  --  --  --  - 

— 

+ 

E.  largiflorcns  F.  Muell.  -  --  --  --  --  --  -- 

+ 

— 

+ 

E.  foecunda  Schau.  -  --  --  --  --  --  --  -- 

— 

4- 

E.  behriana  F.  Muell.  -  --  --  --  --  --  --  - 

— 

— 

4- 

Melaleuca  uncinata  R.Br.  -  --  --  --  --  --  -- 

— 

4- 

M.  pubescens  Schauer  -  --  --  --  --  --  --  - 

— 

-F 

— 

Onagraceae 

Oenothera  stricta  Ledeb.  -  --  --  --  --  --  -- 

— 

4- 

_ 

Primulaceae 

*  Anagallis  arvensis  L.-  -  --  --  --  --  --  --  - 

— 

4- 

— 

CONVOLVULACEAE 

Convolvulus  erubescens  Sims  -  --  --  --  --  --  - 

+ 

4- 

-F 

*  C.  arvensis  L.-  -  --  --  --  --  --  --  --  - 

— 

+ 

-F 

Boraginaceae 

Halgania  lavandulacea  Endl.  -  --  --  --  --  --  - 

— 

4- 

— 

Heliotropium  europaeum  L.  ------------- 

+ 

+ 

4- 

*  Amsinckia  hispida  (Ruiz,  and  Pav.)  Johnst.  -  --  --  --  - 

— 

+ 

-F 

*  A.  lycopsoides  Lehm.  -  --  --  --  --  --  --  - 

— 

-F 

*  Lithospermum  arvense  L.  -  --  --  --  --  --  -- 

+ 

4- 

4- 

Labiatae 

*  Marrubium  vulgare  L.  -  --  --  --  --  --  --  - 

— 

+ 

4- 

*  Lamium  amplexicaule  L.  -  --  --  --  --  --  -- 

4- 

4- 

4- 

SOLANACEAE 

*  Lycium  fcrrocissimum  Miers  -  --  --  --  --  --  - 

— 

+ 

4- 

Solanum  nigrum  L.  -  --  --  --  --  --  --  -- 

+ 

4- 

S.  simile  F.  Muell.  -  --  --  --  --  --  --  -- 

— 

— 

4- 

S.  esuriale  Lindl.-  -  --  --  --  --  --  --  -- 

4- 

4- 

4- 

*  Datura  stramonium  L.  -  --  --  --  --  --  --  - 

4- 

— 

Myoporaceae 

Myoporum  plat y  car pum  R.Br.  -  --  --  --  --  --  - 

4- 

4- 

4- 

M.  montanum  R.Br.—  -  -  -  -  -  -  -  -  -  -  -  -  -  - 

— 

— 

+ 

M.  deserti  A.  Cunn.  ex  Benth.  ------------ 

— 

4- 

4- 

Eremophila  longi folia  (R.Br.)  F.  Muell.  -  --  --  --  -- 

4- 

— 

+ 

Plantaginaceae 

*  Plantago  coronopus  L.  -  --  --  --  --  --  --  - 

4- 

— 

— 

P.  varia  R.  Br.  -  --  --  --  --  --  --  --  - 

+ 

— 

— 

CURCURBITACEAE 

*  Cucumis  myriocarpus  Naudin  -  --  --  --  --  --  - 

4- 

4- 

4- 

*  Citrullus  vulgaris  Schrad.  -  --  --  --  --  --  -- 

+ 

-F 
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COMPOSITAE 

Vittadinia  triloba  (Gaud.)  DC.  ------ 

Olearia  ramulosa  (Labill.)  Benth.  -  -  -  -  - 
Gnaphalium  luteo-album  L.  -----  - 

Helipterum  corymbiflorum  Schlechtendal  -  - 
Helichrysum  leucopsidium  DC.  ----- 

*  Inula  graveolens  (L.)  Desf.  ------ 

*  Xanthium  spinosum  L.  -  --  --  -- 
Senecio  lautus  Forst.  f.  ex  Willd.  -  -  -  - 
Centipeda  cunninghamii  (DC.)  A.  Br.  &  Aschers 

*  Arctotheca  calendula  (L.)  Leyvns  -  -  -  - 

*  Centaurea  melitensis  L.  -  --  --  -- 
Microseris  scapigera  Forst.  f.  ex  Sch.  Bip.  - 

*  Hedypnois  cretica  (L.)  Willd.  -  -  -  —  — 

*  Hypochocris  radicata  L.  ------- 

*  Scorzonera  laciniata  L.  —  -  --  --  - 

*  Picris  echioides  L.  -  --  --  --  - 

*  Chondrilla  juncea  L.  -------- 

*  Sonchus  oleraceus  L.-  ------- 


1 

2 

3 

+ 

+ 

+ 

— 

+ 

— 

— 

+ 

4- 

+ 

+ 

4- 

— 

+ 

— 

+ 

+ 

4- 

+ 

— 

4- 

— 

+ 

— 

+ 

— 

— 

— 

+ 

— 

— 

+ 

+ 

+ 

— 

— 

+ 

— 

4- 

+ 

+ 

— 

— 

+ 

— 

+ 

4- 

4- 

— 

+ 

+ 

+ 

4- 

4- 

PROC 


ROY  SOC.  VICT.  7^  PLATE  58 


37 

AMPHIBIANS  OF  THE  VICTORIAN  MALLEE 

By  M.  J.  Littlejohn 
Zoology  Department,  University  of  Melbourne 

Abstract 

The  known  anuran  amphibian  fauna  of  the  Victorian  Mallee  consists  of  12  taxa  (11 
species,  one  of  which  includes  two  call  races).  Available  distributional  data  for  the  area  are 
given  for  each  form,  together  with  associated  field  observations.  Some  broad  zoogeographic 
patterns  which  are  apparent  in  the  frogs  of  this  part  of  Victoria  arc  briefly  discussed. 

Introduction 

The  only  published  information  on  the  amphibians  of  the  Victorian  Mallee 
consists  of  four  locality  records  for  3  species.  The  following  account  is  based 
mainly  on  observations  and  collections  which  constitute  part  of  a  more  general 
survey  of  the  amphibians  of  SE.  Australia.  It  should  be  pointed  out  that  our 
knowledge  of  the  amphibians  of  the  Mallee  is  still  at  a  very  preliminary  stage  and 
that  most  of  the  available  information  concerns  species  composition  and  geographic 
distribution.  A  little  is  known  about  the  general  ecology  of  the  Mallee  frogs,  but 
almost  nothing  about  the  problems  of  physiological  adaptation  by  these  species  to 
the  arid  conditions  of  parts  of  the  region. 

For  the  present  purposes  the  definition  of  the  Mallee  as  used  by  Rawlinson 
(this  volume)  is  followed,  namely,  that  area  of  Victoria  bounded  in  the  north  by 
the  Murray  R.,  in  the  west  by  the  State  border,  in  the  east  by  longitude  144°E. 
and  in  the  south  by  latitude  36°  30'  S. 

All  specimens  examined  are  housed  in  the  University  of  Melbourne,  Zoology 
Department  Collection.  Literature  records,  where  available,  are  given  in  the  par¬ 
ticular  species  accounts.  Mating  calls  are  reliable  indicators  of  species  identity  and 
these  were  generally  obtained  by  logging  breeding  choruses  during  night  road 
traverses.  Only  localities  additional  to  those  where  specimens  were  "collected  are 
listed  in  the  sections  on  voice  records  (with  the  exception  of  the  Linmodynastes 
tasmaniensis  complex  where  two  sibling  call  races  are  present) .  Specimens  or  voice 
records  within  a  5-mile  radius  of  a  town  are  generally  included  under  the  one 
locality  (and  the  term  ‘area’  added).  Only  those  field  observations  made  within  the 
Mallee  region  are  listed,  but  most  of  the  literature  references  apply  to  the  species 
in  general. 

Hylidae 

Hyla  aurea  (Lesson) 

Localities 

Specimens:  Lock  No.  9,  Murray  R.;  3  miles  E.  of  Mildura;  L.  Cullulleraine; 
6  miles  SE.  of  Red  Cliffs;  Carwarp;  Nangiloc;  Boundary  Bend  area;  Nyah;  Sea 
Lake;  Wycheproof;  16  miles  W.  of  Nhill;  Kaniva. 

Voice  Records  :  Mildura;  Annuello;  L.  Boga;  5  miles  NW.  of  Dimboola;  Wail; 
15  miles  W.  of  Kaniva. 
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Field  Observations 

The  voice  records  were  obtained  during  October.  This  species  breeds  in 
relatively  permanent  lakes,  lagoons  and  dams.  Males  call  while  floating  in  open 
water. 

Remarks 

The  populations  of  the  Mallee  are  typical  of  the  subspecies  raniformis  (Parker 
1938).  This  subspecies  has  a  wide  distribution  in  SE.  Australia,  extending  into  the 
E.  half  of  the  Mallee  and  along  the  Murray  R.  valley  into  South  Australia.  A 
general  account  of  the  species  is  given  by  Moore  (1961).  Adult  morphology  and 
breeding  biology  of  H.  aurea  raniformis  are  briefly  described  by  Littlejohn  (1963), 
and  larval  morphology  by  Martin  (1965). 

Hyla  ewingi  Dumeril  &  Bibron 
Localities 

Specimens:  None. 

Voice  Records:  2  miles  S.  of  Serpentine. 

Field  Observation 

Heard  calling  at  the  above  locality  during  late  October. 

Remarks 

Though  very  common  to  the  south  and  south-east  of  the  Mallee,  H.  ewingi 
barely  reaches  the  SE.  corner  of  the  defined  area.  The  adult  morphology  and 
breeding  biology  are  briefly  described  by  Littlejohn  (1963),  and  larval  morphology 
by  Martin  (1965).  Geographic  distribution,  mating  call  structure,  and  relationship 
with  H.  verreauxi  Dumeril  are  discussed  by  Littlejohn  (1965b). 

Hyla  peroni  (Tschudi) 

Localities 

Specimens:  3  miles  E.  of  Mildura;  L.  Cullulleraine;  2  miles  N.  of  Nangiloc; 
Hattah  Lakes;  Nyah. 

Voice  Records:  Lock  No.  9,  Murray  R.;  Mildura;  2  miles  W.  of  Boundary 
Bend;  Wemen;  2  miles  S.  of  Serpentine. 

Literature  Record:  Kerang  (Copland  1957). 

Field  Observations 

All  voice  records  of  this  species  were  obtained  during  October.  Males  call  from 
elevated  positions  in  marginal  or  emergent  vegetation  of  permanent  lakes  and 
lagoons. 

Remarks 

This  species  is  restricted  to  the  Murray  R.  valley  and  its  associated  drainage 
(Avoca  and  Loddon  R.)  in  the  Mallee.  However,  it  has  a  more  general  distribution 
in  E.  Victoria  (Littlejohn,  Martin,  &  Rawlinson  1963)  and  E.  New  South  Wales 
(Moore  1961).  Moore  (1961)  gives  a  description  of  this  species. 

LE  PTODACTYLIDAE 

Crinia  parinsignifera  Main 
Localities 

Specimens:  Lock  No.  9,  Murray  R.;  L.  Cullulleraine;  Red  Cliffs  Pumps, 
Murray  R.;  10  miles  SE.  of  Robinvale;  Hattah  Lakes;  Boundary  Bend  area; 
Durham  Ox. 
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Voice  Records:  5  miles  W.  of  Lock  No.  9,  Murray  R.;  Mildura  area;  6  miles 
SE.  of  Red  Cliffs;  Nangiloc;  18  miles  W.  of  Boundary  Bend;  Boundary  Bend; 
Wemen;  Nyah  West;  2  miles  N.  of  Mystic  Park;  Kerang  area;  9  miles  S.  of  Kerang; 
14  miles  N.  of  Durham  Ox;  Wycheproof;  3  miles  SW.  of  Boort;  6  miles  S.  of 
Durham  Ox;  1  mile  S.  of  Bears  Lagoon;  2  miles  S.  of  Warracknabeal;  17  miles 
E.  of  Nhill;  Donald;  5  miles  NW.  of  Dimboola. 

Literature  Records:  L.  Cullulleraine;  Warracknabeal  (Main  1957). 

Field  Observations 

C.  parinsignifera  has  been  heard  calling  in  late  April,  August,  and  October. 
Breeding  sites  range  from  shallow  temporary  roadside  pools  to  the  margins  of 
permanent  lakes  and  lagoons.  Males  call  from  the  edges  of  ponds  or  from  positions 
just  above  the  water  in  emergent  grasses. 

Remarks 

This  common  species,  which  is  wide-ranging  farther  east,  is  restricted  to  the 
N.,  E.,  and  S.  boundaries  of  the  Mallee.  Main  (1957)  gives  some  information  on 
distribution  and  breeding  biology.  Mating  call  structure  and  calling  behaviour  have 
been  discussed  by  Littlejohn  (1958,  1959). 

Crinia  signifera  Girard 
Localities 

Specimens:  2  miles  NW.  of  Wedderburn. 

Voice  Records:  Nyah;  L.  Boga;  2  miles  N.  of  Mystic  Park;  Kerang  area; 
9  miles  S.  of  Kerang;  14  miles  N.  of  Durham  Ox;  8  miles  N.  of  Durham  Ox; 
Durham  Ox;  3  miles  SW.  of  Boort;  6  miles  S.  of  Durham  Ox;  1  mile  S.  of  Bears 
Lagoon;  17  miles  W.  of  Kaniva;  Kaniva;  17  miles  E.  of  Nhill;  5  miles  NW.  of 
Dimboola;  Wail. 

Field  Observations 

This  species  has  been  heard  calling  in  late  April,  August,  September,  and 
October.  Males  call  from  the  edges  of  temporary  ponds. 

Remarks 

The  distribution  of  C.  signifera  in  the  Mallee  is  similar  to  that  of  C.  parin¬ 
signifera ■,  but  is  not  as  extensive  along  the  Murray  R.  C.  signifera  is  a  common  and 
wide-ranging  species  in  SE.  Australia.  A  general  account  of  the  C.  signifera 
complex  is  given  by  Moore  (1961).  The  adult  morphology  and  breeding  biology 
of  C.  signifera  are  discussed  by  Littlejohn  (1958,  1959,  1963);  there  are  also 
detailed  considerations  of  mating  call  structure  (Littlejohn  1958,  1959,  1964). 
Larval  morphology  and  development  are  described  by  Martin  (1965)  and  Little¬ 
john  &  Martin  (1965a). 

Limnodynastes  dorsalis  (Gray) 

Localities 

Spfcimens:  6  miles  SE.  of  Red  Cliffs;  Carwarp;  Nangiloc;  10  miles  N.  of 
Hattah;  7  miles  S.  of  Ouycn;  10  miles  W.  of  Mittyack;  Nyah;  Nullawil;  Wycheproof; 
Sea  Lake;  Kerang  area;  17  miles  W.  of  Kaniva;  2  miles  S.  of  Serpentine. 

Voice  Records:  Mildura  area;  Wemen;  Annuello;  Manangatang;  7  miles  W. 
of  Nyah;  L.  Boga;  16  miles  N.  of  Culgoa;  Culgoa;  2  and  7  miles  S.  of  Warrack¬ 
nabeal;  Donald;  Kaniva;  5  miles  NW.  of  Dimboola;  Wail. 
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Literature  Record:  L.  Boga  (Krefft  1866). 

Field  Observations 

Calls  of  this  species  have  been  heard  in  March,  August,  September,  and  Octo¬ 
ber.  Egg  masses  were  seen  during  March.  Breeding  sites  are  variable,  ranging  from 
large  temporary  ponds  to  fairly  permanent  lakes,  lagoons,  and  dams.  Males  generally 
call  from  water,  under  cover  of  overhanging  or  emergent  vegetation,  but  sometimes 
from  the  adjacent  banks. 

Remarks 

The  populations  of  the  Mallee  may  be  assigned  to  the  subspecies  dumeriti 
(Martin  pers.  comm.).  L.  dorsalis  is  a  wide-ranging  species  through  the  S.  and  E. 
Mallee  and  along  the  Murray  R.  into  South  Australia.  The  taxonomy  and  general 
biology  of  the  L.  dorsalis  complex  is  discussed  by  Moore  (1961).  There  are  also 
recent  short  accounts  of  breeding  biology  (Littlejohn  1963),  larval  morphology 
(Martin  1965),  and  mating  call  structure  (subspecies  insularis )  (Littlejohn  & 
Martin  1965c). 

Limnodynastes  fletcheri  Boulenger 
Localities 

Specimens:  Lock  No.  9,  Murray  R.;  3  miles  E.  of  Mildura;  L.  Cullulleraine; 
Hattah  Lakes;  5  miles  W.  of  Boundary  Bend. 

Voice  Records:  Mildura;  Nangiloc;  2  and  18  miles  W.  of  Boundary  Bend; 
L.  Boga;  Kerang  area. 

Field  Observations 

This  species  has  been  heard  calling  in  March  and  October,  and  two  egg  masses 
were  collected  in  late  October.  Males  call  from  the  water,  supported  and  concealed 
by  emergent  vegetation.  Breeding  sites  are  large,  fairly  permanent  bodies  of  water. 

Remarks 

Within  the  Mallee  this  species  is  restricted  to  the  Murray  R.  system.  It  is  a 
characteristic  frog  of  the  other  large  rivers  of  the  W.  plains.  The  mating  call,  which 
has  not  been  described  elsewhere,  is  a  soft,  short  single  note  with  a  quality  similar 
to  the  bark  of  a  distant  dog.  Moore  (1961)  discusses  the  morphology  and 
distribution  of  this  species. 

Limnodynastes  tasmaniensis  Giinther 

Two  allopatric  call  races  (Northern  and  Southern)  can  be  recognized  within  this 
species.  The  Northern  Call  Race  ranges  through  SE.  Queensland,  E.  New  South 
Wales,  and  NE.  Victoria,  then  along  the  Murray  Valley  into  S.  South  Australia 
(Littlejohn  unpub.  obs.).  This  form  has  a  mating  call  consisting  of  2-5  short 
pulses  which  are  rapidly  repeated  so  that  the  sound  has  a  staccato  quality.  Pre¬ 
sumably,  it  was  this  call  race  which  was  studied  by  Moore  (1961),  for  his 
description  of  the  mating  call  agrees  with  that  given  above. 

The  Southern  Call  Race  occurs  mainly  S.  of  the  Dividing  Range  in  Victoria 
(except  in  the  W.  part  of  the  State),  with  an  extension  into  SE.  South  Australia. 
It  also  occurs  on  Flinders  Is.  and  Tasmania  (Littlejohn  &  Martin  1965b).  The 
mating  call  of  the  Southern  Call  Race  is  a  single  short  pulse  or  ‘click’  (Littlejohn 
1963)  and  has  been  described  in  detail  by  Littlejohn  &  Martin  (1965c). 

Where  the  geographic  ranges  of  the  two  forms  contact,  zones  of  intergradation 
are  produced,  in  which  the  individual  frogs  may  be  heard  producing  both  single 
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and  multiple  pulsed  calls  within  the  one  calling  sequence  (Littlejohn  unpub.  obs.). 
Both  forms  occur  in  the  Victorian  Mallee  and  an  intergrade  zone  runs  along  the 
E.  boundary.  Since  the  two  call  races  cannot  presently  be  recognized  on  external 
adult  morphology,  the  specimens  examined  are  grouped  together;  but  voice  records 
are  separated  into  three  categories:  Northern  Call  Race,  Southern  Call  Race,  and 
Intergrades. 

Localities 

Specimens:  L.  Cullulleraine;  Red  Cliffs  Pumps,  Murray  R.;  Hattah  Lakes; 
10  miles  SE.  of  Robinvale;  5  miles  W.  of  Boundary  Bend;  Nyah;  Sea  Lake; 
5  miles  S.  of  Kerang;  Wychcproof. 

Voice  Records: 

Northern  Call  Race:  Lock  No.  9,  Murray  R.;  Mildura;  L.  Cullulleraine;  6  miles 
SE.  of  Red  Cliffs;  Carwarp;  Nangiloc;  2  and  18  miles  W.  of  Boundary  Bend; 
Wemen;  Nyah. 

Southern  Call  Race:  Manangatang;  7  miles  S.  of  Ouyen;  Chinkapook;  4  miles 
E.  of  Chinkapook;  8  miles  S.  of  Nandaly;  15  miles  N.  of  Sea  Lake;  Sea  Lake; 
16  miles  N.  of  Culgoa;  Culgoa;  6  miles  N.  of  Nullawil;  Nullawil;  2  and  10  miles 
S.  of  Warracknabeal;  17  miles  W.  of  Kaniva;  Kaniva;  8  and  12  miles  E.  of 
Kaniva;  9  miles  W.  of  Nhill;  17  miles  E.  of  Nhill;  5  miles  NW.  of  Dimboola. 

Intergrades:  Kerang  area;  8  and  14  miles  N.  of  Durham  Ox;  Durham  Ox; 
3  miles  SW.  of  Boort;  2  miles  S.  of  Serpentine. 

Field  Observations 

Both  races  have  been  heard  calling  in  March,  August,  September,  and  October. 
Eggs  of  the  Southern  Call  Race  were  seen  in  late  September.  Breeding  sites  vary 
from  river  lagoons  to  temporary  roadside  ponds.  Males  call  from  the  water,  sup¬ 
ported  by  emergent  grasses. 

Remarks 

See  the  discussion  in  the  introductory  section  for  this  species. 

Neobatrachus  centralis  (Parker) 

Localities 

Specimens:  10  miles  SE.  of  Underbool;  7  miles  S.  of  Ouyen;  3  and  10  miles 
W.  of  Mittyack;  Nandaly;  10  miles  NW.  of  St  Arnaud. 

Voice  Records:  8  miles  S.  of  Nandaly;  9  miles  W.  of  Nhill. 

Field  Observations 

This  species  has  been  heard  calling  in  March  and  August;  recent  egg  masses 
were  seen  at  the  same  time.  N.  centralis  breeds  in  temporary  ponds  and  dams. 
Males  call  while  floating  in  open  water. 

Remarks 

N.  centralis  appears  to  be  the  most  arid-adapted  of  the  species  occurring  in 
the  Mallee  and  penetrates  the  drier  parts  of  the  continent,  extending  from  the 
Mallee  across  to  S.  Western  Australia  (Main,  Lee,  &  Littlejohn  1958).  Littlejohn 
(1965a)  has  figured  an  audiospectrogram  of  the  mating  call  of  this  species  in 
Victoria,  and  the  mating  call  of  a  Western  Australian  individual  is  described  and 
figured  by  Littlejohn  &  Main  (1959).  Main  (1965)  gives  a  short  description  of 
the  morphology  and  biology  of  N.  centralis  from  S.  Western  Australia. 
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Neobatrachus  pictus  Peters 
Localities 

Specimens:  7  miles  S.  of  Ouyen;  4  miles  S.  of  Culgoa;  10  miles  NW.  of 
St  Arnaud. 

Voice  Records:  3  and  13  miles  W.  of  Mittyack;  Chinkapook;  Nandaly; 
8  miles  S.  of  Nandaly;  L.  Boga  area;  Durham  Ox. 

Field  Observations 

Males  have  been  heard  calling  in  March  and  August,  and  fresh  spawn  was 
collected  in  March.  Breeding  sites  are  similar  to  those  of  N.  centralis  and  males 
call  while  floating  in  open  water. 

Remarks 

This  species  has  an  extensive  E.  and  SW.  distribution  in  SE.  Australia  and  a 
large  area  of  drier  parts  of  the  Mallee  is  included  wthin  its  range.  Moore  (1961) 
gives  a  general  description  of  the  species,  and  Littlejohn  (1963)  has  given  a  short 
account  of  adult  morphology  and  breeding  behaviour.  An  audiospectrogram  of  the 
mating  call  is  figured  by  Littlejohn  (1965a)  and  the  larva  is  described  by  Martin 
(1965). 

Pseudophryne  bibroni  Gunther 
Localities 

Specimens:  None. 

Voice  Records:  Durham  Ox;  3  miles  SW.  of  Boort;  6  miles  S.  of  Durham 
Ox;  10  miles  NW.  of  St  Arnaud. 

Field  Observations 

This  species  was  heard  calling  in  late  April  and  early  May. 

Remarks 

Specimens  from  adjacent  localities  (e.g.  Koondrook,  9  miles  N.  of  Bendigo, 
5  miles  N.  of  Glenorchy,  and  Mt  Arapiles)  are  clearly  assignable  to  P.  bibroni  so 
that  there  can  be  little  doubt  about  the  identification  of  the  calls  heard  in  the  SE. 
Mallee.  Mating  calls  of  the  three  Victorian  species  of  Pseudophryne — bibroni, 
dendyi  Lucas,  and  semimarmorata  Lucas — are  very  similar  (Littlejohn  1963  and 
unpub.  obs.),  but  the  nearest  known  populations  of  another  congeneric  species 
are  those  of  P.  semimarmorata  in  the  Grampians  (unpub.  obs.).  A  general  account 
of  P.  bibroni  is  provided  by  Moore  (1961 );  adult  morphology  and  breeding  biology 
are  briefly  described  by  Littlejohn  (1963),  and  larval  morphology  by  Martin 
(1965). 

Discussion  and  Summary 

Twelve  taxa  (11  species,  one  of  which  contains  two  call  races)  are  known  to 
occur  in  the  Victorian  Mallee  as  defined  in  the  introduction.  However,  this  number 
may  be  increased  with  more  detailed  collecting  in  the  north-west,  particularly 
following  heavy  summer  rains. 

Krefft  (1866)  lists  Hyla  caerulea  (White)  (as  Pelodryas  caeruleus)  among  the 
vertebrates  of  the  lower  Murray  and  Darling  Rivers.  No  specific  locality  is  given 
but  the  party  was  based  at  Gol  Gol,  New  South  Wales  (opposite  Mildura)  for 
about  nine  months.  Moore  (1961)  has  summarized  the  known  distribution  of 
H.  caerulea  and  lists  specimens  from  the  Darling  R.  (as  Darling  R.  floods).  We 
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have  not  yet  had  any  success  in  finding  this  species  along  the  Murray  R.  and,  for 
the  present,  must  consider  Krefft’s  record  as  referring  to  the  Darling  some  distance 
above  its  junction  with  the  Murray. 

Three  other  species  are  listed  by  Krefft  (1866)  from  the  same  general  area,  but 
again,  no  precise  localities  are  given:  H.  aurea  and  H.  peroni  (already  considered), 
and  Hyla  adelaidensis  Gray.  As  we  presently  understand  it,  this  latter  species  is 
restricted  to  Western  Australia  and  it  is  not  at  all  clear  to  which  currently  recog¬ 
nized  SE.  form  his  report  can  refer. 

Two  main  zoogeographic  patterns  are  evident  in  the  distribution  of  Mallee 
frogs: 

( 1 )  The  Murray  R,  valley  is  an  important  corridor  for  amphibians  allowing 
6  species  to  penetrate  the  otherwise  inhospitable  N.  Mallee  environment. 

(2)  Excluding  the  Murray  R.  valley,  the  Mallee  represents  a  zone  of  sub¬ 
traction  from  SE.  (9  forms)  to  NW.  (probably  only  one  form,  N.  centralis). 
Presumably  this  is  in  response  to  the  conditions  imposed  by  the  gradient  of 
increasing  aridity,  which  exerts  a  powerful  influence  on  amphibian  distribution. 

Individual  taxa  may  also  be  categorized  and  grouped  into  faunal  components, 
of  which  five  are  recognizable: 

( 1 )  Central  Australian — desert  adapted  forms  which  penetrate  into  the  Mallee 
from  the  north-west.  N.  centralis  clearly  falls  into  this  category  as  the  only  true 
desert  species  inhabiting  the  area. 

(2)  Riverine — forms  restricted  to  the  Murray  R.  valley  and  the  larger  rivers 
which  cut  across  the  Mallee  and  drain  into  the  Murray.  H.  peroni  and  L.  fletcheri 
are  typical  river  frogs  with  this  distributional  pattern. 

(3)  Bassian — S.  cool  temperate  adapted  forms  which  penetrate  into  the 
Mallee  from  the  south  to  varying  degrees.  H.  ewingi  and  the  Southern  Call  Race 
of  L.  tasmaniensis  meet  these  requirements. 

(4)  Eyrean — SE.  warm  temperate  adapted  forms  with  ranges  mainly  N.  and 
W.  of  the  Dividing  Range.  Crinia  parinsignifera,  L.  dorsalis  dumerili,  and  N.  pictus 
have  these  characteristics. 

(5)  Wide-ranging  forms — the  remaining  taxa,  C.  signifera,  H.  aurea  raniformis, 
and  the  Northern  Call  Race  of  L.  tasmaniensis  cannot  be  clearly  assigned  to  any 
of  the  above  categories  because  of  their  extensive  distributions  in  SE.  Australia. 
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REPTILES  OF  THE  VICTORIAN  MALLEE 


By  P.  A.  Rawlinson 
Zoology  Department,  University  of  Melbourne 

Abstract 

73  species  of  reptiles  representing  9  families  are  recorded  with  specific  locality  data  from 
the  Victorian  Mallee.  None  of  these  species  is  restricted  to  the  area,  and  the  Eyrean  affinities  of 
the  reptile  fauna  are  shown  by  comparison  with  the  reptile  faunas  of  (a)  Gippsland  (SE. 
Victoria;  Bassian)  and  (b)  S.  Western  Australia  (Eyrean  with  some  Bassian). 

Introduction 

In  1896,  Spencer  proposed  a  scheme  which  divided  Australia  into  three  faunal 
subregions,  the  Bassian,  Eyrean,  and  Torresian.  Subsequently,  Serventy  &  Whittell 
(1951)  added  a  fourth  ‘district’,  the  South-Western,  which  was  formed  by  the 
blending  of  Bassian  and  Eyrean  elements  in  the  south-west  of  Australia.  These  four 
divisions  have  gained  recognition  as  the  main  faunal  zones  (or  subregions)  in 
Australia  (Main,  Lee,  &  Littlejohn  1958;  Keast  1959)  and  may  be  defined  as 
follows: 

1.  The  Bassian  subregion;  a  SE.  coastal  cool-temperate  area  with  uniform 
seasonal  rainfall. 

2.  The  Torresian  subregion;  a  NE.  and  N.  coastal  tropical  area  with  summer 
maximum  rainfall. 

3.  The  South-Western  subregion;  a  SW.  coastal  cool-temperate  area  with 
winter  maximum  rainfall. 

4.  The  Eyrean  subregion;  the  rest  of  the  Australian  continent,  hot  and  with 
a  low  and  irregular  rainfall. 

Although  these  faunal  subregions  are  here  defined  areally,  the  terms  are  also  used 
to  refer  to  the  biota  of  the  respective  areas. 

Most  of  Victoria  lies  in  the  area  which  fits  Spencer’s  Bassian  subregion,  but  the 
Mallee  lies  within  the  Eyrean  subregion.  Thus,  the  Mallee  district  is  an  important 
faunal  region  when  the  distributions  of  Victorian  animal  species  are  being  con¬ 
sidered.  In  an  attempt  to  determine  whether  the  reptile  fauna  shows  Eyrean 
affinities,  comparisons  are  made  with  the  faunas  of  (a)  Gippsland,  Victoria 
(Bassian)  and  (b)  S.  Western  Australia  (Eyrean  with  some  Bassian). 

The  limits  of  the  Victorian  Mallee  have  been  defined  in  at  least  three  ways. 
Firstly  there  is  the  botanical  boundary  (Blackburn  1964),  secondly  the  1944 
Mallee  regional  boundary  (Central  Planning  Authority  1952),  and  thirdly  the 
Malice  district  boundary  as  used  throughout  the  ANZAAS  book  Introducing 
Victoria  (Leeper  1955).  None  of  these  is  entirely  suitable  for  the  present  purposes 
since  the  reptile  fauna  of  NW.  Victoria  is  comparatively  uniform  and  shows  little 
dependence  on  vegetation.  Hence,  somewhat  arbitrary  limits  have  been  selected 
which  include  all  three  boundaries  listed  above.  These  limits  are  as  follows: 
northern,  the  Victoria-New  South  Wales  border  (Murray  R.) ;  western,  the  Victoria- 
South  Australia  border;  southern,  latitude  36°  30'  S.;  and  eastern,  longitude  144°E. 

The  list  of  species  in  this  paper  cannot  be  taken  as  a  complete  or  final  assess- 
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ment,  since  the  reptile  fauna  of  the  Mallee  is  very  poorly  known.  Further  field 
work  in  the  area  will  almost  certainly  add  more  species  to  the  list.  As  the  fauna 
becomes  better  known,  taxonomic  changes  are  also  to  be  expected.  Specific  locality 
records  are  given  wherever  possible  as  a  first  attempt  at  defining  the  distribution 
and  abundance  of  species.  These  locality  records  are  drawn  from  three  main 
sources: 

1.  Specimens  examined  in  the  collection  of  the  University  of  Melbourne 
Zoology  Department,  and  the  author’s  field  records — such  data  are  desig¬ 
nated  by  (MUZD). 

2.  Specimens  listed  in  the  Reptile  catalogue  of  the  National  Museum,  Mel¬ 
bourne — such  data  are  designated  (NM). 

3.  References  in  the  literature — such  data  are  acknowledged  to  the  original 
authors,  e.g.  (Worrell  1963). 

The  recent  elapine  generic  name  changes  by  Worrell  (1961,  1963)  have  not 
gained  any  support  to  date,  so  to  avoid  further  confusion  the  older,  accepted, 
generic  names  (Kinghorn  1956)  are  used  in  this  paper.  Also,  to  standardize  the 
spelling  and  taxonomy  of  the  higher  groups  (families,  etc.),  the  classification  used 
by  Romer  (1956)  has  been  adopted  here. 

CHELONIA 

Chelyidae 

Chelodina  expansa  Gray 

Specimens  examined  (MUZD):  L.  Boga;  Kerang. 

Additional  records  (NM):  Nil. 

Literature:  Murray  R.  and  tributaries  (Worrell  1963). 

Chelodina  longicollis  (Shaw) 

Specimens  examined  (MUZD):  L.  Cullulleraine;  1  mile  E.  of  Merbein;  Mildura; 

L.  Boga;  Kerang. 

Additional  records  (NM):  Nil. 

Literature:  Murray  system  (Worrell  1963). 

Emydura  macquarrii  (Gray) 

Specimens  examined  (MUZD):  Red  Cliffs;  L.  Boga;  Kerang. 

Additional  records  (NM):  Nil. 

Literature:  Murray-Darling  system  (McCoy  1885  as  Chelmys  macquaria );  large 
river  systems  of  the  Murray,  Murrumbidgee,  and  Macquarie  R.  (Worrell 
1963). 

SQUAMATA 

Lacertilia 

Agamidae 

Amphibolurus  adelaidensis  (Gray) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Dimboola. 

Literature:  Dimboola  (Lucas  &  Frost  1893). 

Amphibolurus  decresii  (Dumeril  &  Bibron) 

Specimens  examined  (MUZD):  Pine  Plains,  15  miles  W.  of  Patchewollock. 
Additional  records  (NM):  Nil. 

Literature:  Nil. 


607 


REPTILES  OF  THE  VICTORIAN  MALLEE 

Amphibolurus  barbatus  (Cuvier) 

Specimens  examined  (MUZD):  9  miles  E.  of  Lock  No.  9,  Murray  R.;  9  miles 
W.  of  Merbein;  Mildura;  Cullulleraine;  lrymple;  Meringur;  Carwarp;  4  miles 
N.  of  Hattah;  2  miles  NE.  of  Women;  9  miles  W.  of  Wemen;  10  miles  NW. 
of  Annuello;  10  miles  W.  of  Boundary  Bend;  2  miles  N.  of  Kiamil;  5  miles 
NW.  of  Piangil;  3  miles  E.  of  Manangatang;  Ouyen;  Nyah;  6  miles  SE.  of  Nyah; 

5  miles  NW.  of  Swan  Hill;  6  miles  NW.  of  Mystic  Park;  1  mile  S.  of  Kerang; 
4  miles  N.  of  Tempy;  6  miles  NW.  of  Charlton. 

Additional  records  (NM) :  Red  Cliffs;  Boyeo;  Little  Desert;  Kewell. 

Literature:  Nil. 

Amphibolurus  maculatus  (Gray) 

Specimens  examined  (MUZD) :  Mildura;  4  miles  N.  of  Hattah. 

Additional  records  (NM):  Red  Cliffs. 

Literature:  Nil. 

Amphibolurus  muricatus  (Shaw) 

Specimens  examined  (MUZD):  5  miles  N.  of  Hattah;  Pine  Plains,  15  miles  W. 
of  Patchewollock. 

Additional  records  (NM):  Hattah;  Ouyen;  Woomelang;  Kiata. 

Literature:  Nil. 

Amphibolurus  pictus  Peters 

Specimens  examined  (MUZD):  Mildura;  Pine  Plains,  15  miles  W.  of  Patche¬ 
wollock;  5  miles  S.  of  Kiata. 

Additional  records  (NM):  Red  Cliffs;  Hattah;  5  miles  N.  of  Sunset  Tank;  Ouyen; 

30  miles  S.  of  Murrayville;  Nhill;  Dimboola;  Little  Desert. 

Literature:  Murrayville  (Barrett  1932);  Dimboola  (Lucas  &  Frost  1893). 

Physignathus  gilberti  (Gray) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Kurnwill  near  Werrimull. 

Literature:  Werrimull,  NW.  Viet.  (Brazenor  1932). 

Tympanocryptis  lineata  Peters 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Red  Cliffs. 

Literature:  Mildura  (Mitchell  1948). 

Gekkonidae 

Diplodactylus  strophurus  intermedius  Ogilby 
Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Red  Cliffs;  Raak  Plains;  Ouyen;  Chillingollah;  Kewell; 
Nyang,  Mallee,  Viet. 

Literature:  NW.  Victoria  (Brazenor  1951);  L.  Albacutya  (Lucas  &  Frost  1893  as 
D.  strophurus );  Kewell  (Lucas  &  Frost  1893  as  D.  strophurus). 

Diplodactylus  te sselatus  Gunther 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Kewell;  Mallee,  Viet. 

Literature:  Dimboola  (Lucas  &  Frost  1893);  Kewell  (Lucas  &  Frost  1893). 
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Diplodactylus  vittatus  Gray 

Specimens  examined  (MUZD):  Mildura. 

Additional  Records  (NM):  Ouyen;  NW.  Victoria. 

Literature:  Diinboola  (Lucas  &  Frost  1893). 

Gehyra  variegata  (Dumeril  &  Bibron) 

Specimens  examined  (MUZD):  Mildura;  2  miles  NE.  of  Wemen. 

Additional  records  (NM):  Werrimull;  Red  Cliffs;  Mallee,  Viet. 

Literature:  Murray  R.  between  Swan  Hill  and  Mildura  (Lucas  &  Frost  1893). 

Gymnodactylus  milii  (Bory) 

Specimens  examined  (MUZD):  Mt  Korong,  Wedderburn. 

Additional  records  (NM):  Meringur;  Karawinna;  Red  Cliffs;  Ouyen;  Waitchie; 

L.  Boga;  Woomelang;  Tittybong;  Quambatook;  Nyang,  Viet. 

Literature:  Dimboola  (Lucas  &  Frost  1893). 

Heteronota  binoei  Gray 
Specimens  examined  (MUZD):  Mildura. 

Additional  records  (NM):  Mildura;  Karawinna;  Red  Cliffs;  Mallee,  Viet. 
Literature:  Nil. 

Lucasius  damaeus  (Lucas  &  Frost) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Red  Cliffs;  Ouyen;  Nyang,  Mallee,  Viet. 

Literature:  Nil. 

Phyllodactylus  marmoratus  (Gray) 

Specimens  examined  (MUZD):  4  miles  W.  of  Lock  No.  9,  Murray  R.;  Mildura; 

Wycheproof;  Femihurst;  Mt  Korong,  Wedderburn. 

Additional  records  (NM):  Karawinna;  Red  Cliffs;  Kerang;  Warracknabeal;  Little 
Desert. 

Literature:  Dimboola  (Lucas  &  Frost  1893). 

Rhynchoedura  ornata  Gunther 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Red  Cliffs. 

Literature:  Nil. 

Pygopodidae 

Aprasia  pulchella  Gray 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Mildura;  L.  Wallace;  Ouyen. 

Literature:  Nil. 

Delma  fraseri  Gray 
Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Karawinna;  Narung;  Hattah;  Natya;  Ouyen;  Swan  Hill; 

Woomelang;  Kewell;  Wedderburn. 

Literature:  Kewell  (Lucas  &  Frost  1893). 

Delma  impar  (Fischer) 

Specimens  examined  (MUZD):  L.  Meering,  12  miles  SW.  of  Kerang;  Wycheproof. 
Additional  records  (NM):  Nil. 

Literature:  Nil. 
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Lialis  burtonis  Gray 

Specimens  examined  (MUZD):  Mildura;  Koorlang;  Woomelang. 

Additional  records  (NM):  Red  Cliffs;  Narung;  Ouyen;  Mallee,  Viet. 

Literature:  Mallee  scrub  and  warmer  parts  of  Victoria  (McCoy  1885). 

Pygopus  lepidopodus  (Lacepede) 

Specimens  examined  (MUZD):  Rock  Hole  Bore,  Sunset  country. 

Additional  records  (NM):  Mildura;  Yatpool;  Ouyen;  Wycheproof;  Little  Desert. 
Literature:  Kewell  (Lucas  &  Frost  1893). 

Scincidae 

Ablepharus  boutonii  (Desjardin) 

Specimens  examined  (MUZD):  Mildura. 

Additional  records  (NM):  Mildura;  Irymple;  Red  Cliffs;  Little  Desert;  Kewell. 
Literature:  Swan  Hill  (Lucas  &  Frost  1893);  Dimboola  (Lucas  &  Frost  1893). 

Ablepharus  greyii  (Gray) 

Specimens  examined  (MUZD):  Mildura. 

Additional  records  (NM):  Red  Cliffs;  Pink  Lakes,  35  miles  W.  of  Ouyen;  Ouyen; 

Chillingollah. 

Literature:  Nil. 

Ablepharus  lineatus  (Bell) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Mildura. 

Literature:  Nil. 

Ablepharus  lineoocellatus  Dumeril  &  Bibron 
Specimens  examined  (MUZD):  Lock  No.  9,  Murray  R.;  Mildura;  Red  Cliffs; 
2  miles  NE.  of  Wemen;  13  miles  WNW.  of  Piangil;  Manangatang;  8  miles  N. 
of  Underbool;  Tutye;  10  miles  W.  of  Patchewollock;  8  miles  E.  of  Patche- 
wollock;  Rainbow;  Kenmere;  Wycheproof;  6  miles  SE.  of  Wycheproof. 
Additional  records  (NM):  Pink  Lakes;  Ouyen;  Dimboola;  Kewell. 

Literature:  Dimboola  (Lucas  &  Frost  1893). 

Ablepharus  timidus  De  Vis 

Specimens  examined  (MUZD):  Mildura;  Locality  outside  Mallee — 4  miles  W.  of 
Euston,  N.S.W. 

Additional  records  (NM):  Mildura;  Mallee,  Viet. 

Literature:  Nil. 

Egernia  inornata  Rosen 

Specimens  examined  (MUZD):  Locality  outside  Mallee — Renmark,  S.A. 
Additional  records  (NM):  Hattah;  5  miles  N.  of  Sunset  Tank. 

Literature:  Nil. 

Egernia  kinforei  Stirling  &  Zietz 
Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Nil. 

Literature:  Desert  of  N.  Victoria  (Worrell  1963). 

Egernia  striolata  (Peters) 

Specimens  examined  (MUZD) :  4  miles  W.  of  Lock  No.  9,  Murray  R.;  Red  Cliffs. 
Additional  records  (NM) :  Red  Cliffs;  L.  Meran;  Mallee,  Viet. 

Literature:  Dimboola  (Lucas  &  Frost  1893). 


610 


P.  A.  RAWLINSON 


Egemia  whiteii  (Lacepede) 

Specimens  examined  (MUZD):  Nil- 
Additional  records  (NM):  Woomelang. 

Literature:  Nil. 

Hemiergis  decresiensis  (Fitzinger) 

Specimens  examined  (MUZD):  Mt  Korong,  Wedderburn. 

Additional  records  (NM):  Mildura;  Red  Cliffs. 

Literature:  Nil. 

Hemiergis  peronii  (Fitzinger; 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Mallee  district,  Victoria. 

Literature:  Nil. 

Rhodona  bipes  Fischer 
Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM) :  NW.  Victoria. 

Literature:  Nil. 

Rhodona  bougainvillii  (Gray) 

Specimens  examined  (MUZD):  Rainbow. 

Additional  records  (NM):  Pink  Lakes,  35  miles  W.  of  Ouyen;  Ouyen;  Little 
Desert;  Kewell. 

Literature:  Nil. 

Rhodona  punctovittata  GUnther 

Specimens  examined  (MUZD):  10  miles  W.  of  Patchewollock;  locality  outside 
Mallee — Wentworth,  N.S.W. 

Additional  records  (NM):  Mildura;  Irymple;  Karawinna;  Red  Cliffs;  Pink  Lakes, 
35  miles  W.  of  Ouyen;  Ouyen;  Woomelang. 

Literature:  Swan  Hill  (McCoy  1885  as  R.  ojficeri)\  Swan  Hill  (Lucas  &  Frost 
1893). 

Sphenomorphus  fasciolatus  (Gunther) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Mildura. 

Literature:  Nil. 

Sphenomorphus  lesueurii  (Dumeril  &  Bibron) 

Specimens  examined  (MUZD) :  Mildura;  4  miles  N.  of  Hattah;  Hattah;  Mt  Korong, 
Wedderburn. 

Additional  records  (NM):  Mildura;  Red  Cliffs;  Ouyen. 

Literature:  Nil. 

Sphenomorphus  quoyii  quoyii  (Dumeril  &  Bibron) 

Specimens  examined  (MUZD):  4  miles  W.  of  Lock  No.  9,  Murray  R. 

Additional  records  (NM) :  Nil. 

Literature:  Nil. 

Sphenomorphus  taeniolatus  (Shaw) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Irymple. 

Literature:  Nil. 


Tiliqua  occipitalis  (Peters) 
Specimens  examined  (MUZD):  Kiata. 
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Additional  records  (NM):  Red  Cliffs;  Ouyen. 

Literature:  N.  Victoria  (Mitchell  1950);  Mallee,  N.  Victoria  (Worrell  1963). 

Tiliqua  rugosa  (Gray) 

Specimens  examined  (MUZD):  2  miles  W.  of  Lock  No.  9,  Murray  R.;  10  miles 
E.  of  Lock  No.  9,  Murray  R.;  6  miles  W.  of  Merbein;  3  miles  N.  of  L. 
Cullulleraine;  9  miles  N.  of  Carwarp;  4  miles  S.  of  Carwarp;  16  miles  N.  of 
Hattah;  1  mile  S.  of  Bannerton;  9  miles  E.  of  Hattah;  4  miles  W.  of  Wemen; 
8  miles  S.  of  Hattah;  1  mile  NW.  of  Annuello;  1  mile  N.  of  Kiamil;  10  miles 
N.  of  Underbool;  10  miles  W.  of  Ouyen;  Walpeup;  20  miles  E.  of  Manangatang; 
10  miles  SSE.  of  Ouyen;  Tutye;  8  miles  E.  of  Patchewollock;  1  mile  S.  of  Tempy; 
4  miles  SSE.  of  Turriff. 

Additional  records  (NM):  Ouyen;  Nhill;  Little  Desert;  Kewcll. 

Literature:  Murrayville  (Barrett  1926  as  Trachysaurus  rugosus );  Kewell  (Lucas  & 
Frost  1893  as  Trachysaurus  rugosus );  Kewell  (McCoy  1885  as  Trachysaurus 
rugosus) . 

Tiliqua  scincoides  (Shaw) 

Specimens  examined  (MUZD):  Kerang. 

Additional  records  (NM) :  Nil. 

Literature:  Nil. 

Varanidae 

Varanus  gouldii  (Gray) 

Specimens  examined  (MUZD):  10  miles  S.  of  Mildura;  Carwarp;  5  miles  N.  of 
Hattah;  Manangatang;  1  mile  NW.  of  Nyah;  8  miles  N.  of  Tempy. 

Additional  records  (NM):  Karawinna;  Ouyen. 

Literature:  Kewell  (McCoy  1885  as  Monitor  gouldii). 

Varanus  varius  (Shaw) 

Specimens  examined  (MUZD):  10  miles  NW.  of  Annuello;  Wycheproof. 
Additional  records  (NM):  Liparoo. 

Literature:  Warmer  parts  (of  Victoria)  on  the  Murray  Plains  (McCoy  1885  as 
Hydrosaurus  varius). 

OPHIDIA 

Boidae 

Morelia  argus  variegata  Gray 

Specimens  examined  (MUZD) :  Locality  outside  Mallee — Renmark,  S.A. 
Additional  records  (NM):  Mildura;  Kerang;  Murray  R.,  Viet. 

Literature:  N.  Murray  boundary  (of  Victoria)  (McCoy  1885). 

Elapidae 

Acanthophis  antarcticus  (Shaw) 

Specimens  examined  (MUZD) :  Nil. 

Additional  records  (NM):  Banks  of  Murray,  Victoria. 

Literature:  L.  Boga  (Krefft  1863);  hot  tracts  (in  Victoria)  near  the  Murray 
(McCoy  1885). 

Brachyaspis  curta  (Schlegel) 

Specimens  examined  (MUZD):  10  miles  S.  of  Kiata. 

Additional  records  (NM):  Kiata;  Mallee,  Viet. 

Literature:  Nil. 
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Brachyurophis  australis  (Krefft) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Vinifera;  Tempy;  Speed;  Tarnt;  Woomelang. 

Literature:  Mallee,  NW.  Victoria  (Kershaw  1917). 

Demansia  nuchalis  (Gunther) 

Specimens  examined  (MUZD):  Locality  outside  Mallee — Renmark,  S.A. 
Additional  records  (NM) :  Junction  of  Murray  and  Darling  R.;  Irvmple;  Red  Cliffs; 
Hattah;  Nyang. 

Literature:  NW.  of  Victoria  (Worrell  1963). 

Demansia  psammophis  (Schlegel) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Red  Cliffs. 

Literature:  Nil. 

Demansia  textilis  (Dumeril  &  Bibron) 

Specimens  examined  (MUZD) :  Lock  No.  9,  Murray  R.;  10  miles  W.  of  Boundary 
Bend;  6  miles  ESE.  of  Boundary  Bend;  5  miles  E.  of  Hattah;  Torrita;  1  mile 
NW.  of  Nyah;  5  miles  NW.  of  Swan  Hill;  2  miles  NW.  of  Mystic  Park; 
Wycheproof. 

Additional  records  (NM):  Mildura;  Irymple;  Red  Cliffs;  Kulkyne;  Natya;  Ouyen; 
Cowangie;  Swan  Hill;  Hopetoun;  Rosebery;  Kaniva;  Kiata;  Dimboola;  Kewell; 
Cow  Plains,  Mallee,  Viet.;  Nyang  station  via  Balpool. 

Literature:  Nil. 

Denisonia  devlsi  Waite  &  Longman 
Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Nil. 

Literature:  Junction  of  the  Murray  and  Darling  R.  (Worrell  1963). 

Denisonia  flagellum  (McCoy) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Mallee,  Viet. 

Literature:  Nil. 

Denisonia  gouldii  (Gray) 

Specimens  examined  (MUZD) :  Nil. 

Additional  records  (NM):  Ouyen;  Sea  Lake;  Kewell;  Mallee,  Viet. 

Literature:  Nil. 

Denisonia  nigrostriata  (Krefft) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Ouyen. 

Literature:  NW.  Victoria  (Kershaw  1917);  NW.  Victoria  (Mitchell  1951). 

Denisonia  suta  (Peters) 

Specimens  examined  (MUZD):  L.  Meering,  12  miles  SW.  of  Kerang. 

Additional  records  (NM):  Mallee,  Viet. 

Literature:  Nil. 

Notechis  scutatus  (Peters) 

Specimens  examined  (MUZD):  Mildura;  Kerang. 

Additional  records  (NM):  Junction  of  Murray  and  Darling  R.;  Mallee,  Viet. 
Literature:  Murray  R.  district  (Worrell  1963). 
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Oxyuranus  scutellatus  (Peters) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM) :  Junction  of  the  Murray  and  Darling  R. 

Literature:  Junction  of  Murray  and  Darling  (McCoy  1889  as  Diemenia  microlepi- 
dotus );  N.  Victoria  (Boulenger  1896  as  Pseudechis  microlepidotus );  N.  Vic¬ 
toria  (Waite  1929  as  Pseudechis  microlepidotus );  N.  Victoria  (Mitchell  1950 
as  Pseudechis  microlepidotus );  Along  the  Darling  from  Bourke  to  the  junction 
of  the  Murray  and  the  Darling  (Kinghorn  1956  as  Parademansia  microlepi¬ 
dotus );  Junction  of  the  Murray  and  Darling  (Worrell  1963). 

Pseudechis  australis  (Gray) 

Specimens  examined  (MUZD) :  Locality  outside  Mallee — Renmark,  S.A. 
Additional  records  (NM):  Nil. 

Literature:  Kewell  (McCoy  1885);  far  inland  all  states  except  Tasmania  (Worrell 
1963). 

Pseudechis  porphyriacus  (Shaw) 

Specimens  examined  (MUZD):  Mildura;  Kerang. 

Additional  records  (NM):  Nil. 

Literature:  Murray  R.  (Worrell  1963). 

Vermicella  annulata  (Gray) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM) :  Meringur;  Red  Cliffs;  Hattah;  Ouyen;  Patchewollock; 
Woomelang;  Kerang;  Nhill. 

Literature:  Patchewollock  (Kershaw  1917  as  Purina  occipitalis). 

Typhlopidae 
Typhlops  australis  (Gray) 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Ouyen;  Beulah;  Mallee,  Viet. 

Literature:  Southern  Australia — Hopetoun  area,  Birchip  area,  Ouyen  area  (Waite 
1918). 

Typhlops  bituberculatus  (Peters) 

Specimens  examined  (MUZD):  Wyperfeld;  Rainbow;  Barrapoort. 

Additional  records  (NM):  Mildura;  Carwarp;  Ouyen;  Woomelang;  Beulah;  Nhill; 
Gerang;  Myall  via  Koondrook. 

Literature:  All  Australia,  abundant  in  south — Hopetoun  area,  Birchip  area,  Ouyen 
area,  Ultima  area  (Waite  1918). 

Typhlops  broomi  Boulenger 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Nil. 

Literature:  Mallee,  Victoria — Hopetoun  area  (Waite  1918). 

Typhlops  ligatus  Peters 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Mallee,  Viet. 

Literature  .-Victoria — Underbool  area  (Waite  1918). 

Typhlops  nigrescens  (Gray) 

Specimens  examined  (MUZD):  Nil. 
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Additional  records  (NM):  Mildura;  Irymple;  Robinvale;  Woomelang;  Donald; 
Kewell. 

Literature:  Victoria — Hopetoun  area  (Waite  1918). 

Typhlops  pinguis  Waite 
Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM) :  Pink  Lakes,  35  miles  W.  of  Ouyen. 

Literature:  Mallee,  Victoria — Hopetoun  area  (Waite  1918). 

Typhlops  proximus  Waite 

Specimens  examined  (MUZD) :  Nil. 

Additional  records  (NM) :  Charlton;  Mallee,  Viet. 

Literature:  N.  Victoria — Mildura  area,  Hopetoun  area,  Kerang  area  (Waite  1918). 

Typhlops  unguirostris  Peters 

Specimens  examined  (MUZD):  Nil. 

Additional  records  (NM):  Mallee,  Viet. 

Literature:  Mallee,  Victoria — Hopetoun  area  (Waite  1918). 

Discussion 

In  this  paper  73  species  of  reptiles  representing  34  genera  and  9  families  are 
recorded  from  the  Victorian  Mallee.  None  of  the  73  species  is  restricted  to  this 
area  and  most  also  occur  extensively  in  the  desert  and  semi-desert  regions  of 
Australia.  The  Mallee  reptile  fauna  therefore  shows  no  endemism  and  the  Mallee 
cannot  be  considered  as  a  separate  faunal  division. 

As  has  already  been  pointed  out,  most  of  Victoria  lies  in  Spencer’s  (1896) 
Bassian  zoogeographic  subregion,  but  the  Mallee  lies  in  the  Eyrean  subregion.  Thus, 
if  Spencer’s  scheme  applies  to  the  reptiles,  and  Keast  (1959)  has  already  suggested 
that  it  could,  the  Mallee  reptile  fauna  would  be  Eyrean  in  nature. 

In  order  to  determine  the  affinities  of  the  Mallee  reptile  fauna,  it  is  compared 
to  that  of  two  other  areas.  Firstly,  the  Mallee  reptile  fauna  is  compared  with  that 
of  a  typical  Bassian  area:  Gippsland,  a  SE.  Victorian  district  of  approximately  the 

Table  1 


Comparison  of  Mallee  and  Gippsland  Reptile  Faunas 


Family 

Number  of  Species 
in  the  Mallee 

Number  of  Species 
in  Gippsland 

Number  of 

Shared  Species 

CHELONIA 

Chelyidae 

3 

1 

1 

LACERTILIA 

Agamidae 

8 

3 

1 

Gekkonidae 

9 

- 

- 

Pygopodidae 

5 

— 

— 

Scincidae 

21 

19 

4 

Varanidae 

2 

1 

1 

OPHIDIA 

Boidae 

1 

- 

- 

Elapidae 

16 

7 

3 

Typhlopidae 

8 

— 

“ 

TOTAL 

73 

31 

10 
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same  size  as  the  Mallee  (Leeper  1955).  Data  on  Gippsland  reptiles  were  obtained 
from  the  University  of  Melbourne  Zoology  Department  collection  and  the  author’s 
field  records.  Secondly,  the  Mallee  reptile  fauna  is  compared  with  that  of  a 
predominantly  Eyrean  area:  S.  Western  Australia.  This  was  taken  as  the  area  of 
Western  Australia  S.  of  a  line  passing  E.-W.  through  Geraldton.  It  is  not  an  ideal 
area  for  listing  Eyrean  species  as  it  includes  Serventy  &  Whittell’s  (1951)  South- 
Western  subregion  with  some  Bassian  elements;  however,  it  is  the  only  suitable 
region  with  a  reasonably  complete  reptilian  fauna  list  (Glauert  1957,  1961;  Wor¬ 
rell  1963).  The  size  of  the  Bassian  component  in  the  South-Western  subregion  is 
demonstrated  by  a  comparison  of  the  reptile  faunas  of  Gippsland  and  S.  Western 
Australia. 

Faunal  Relationships  of  the  Victorian  Mallee  and  Gippsland 

There  are  only  31  species  of  reptiles  in  Gippsland  (Table  1).  10  of  these 
species  are  shared  with  the  Mallee  which  has  73  species.  The  shared  species  are: 

C.  longicollis,  A.  muricatus,  E.  whiten,  H.  decresiensis,  R.  bougainvillii,  T. 
scincoides,  V.  varius,  D.  textilis,  N.  scutatus ,  P.  porphyriacus.  4  of  these 
species,  C.  longicollis ,  T.  scincoides,  N.  scutatus,  and  P.  porphyriacus,  are 
associated  exclusively  with  the  Murray  R.  in  the  Mallee  region. 

16  genera  of  reptiles  occur  in  Gippsland  and  13  are  shared  with  the  Mallee 
which  has  34  genera  (Table  4).  The  shared  genera  are: 

Chelodina,  Amphibolous,  Physignathus,  Egernia,  Hemiergis,  Rhodona,  Spheno - 
morphus,  Tiliqua,  Varan  us,  Demansia,  Denisonia,  Notechis ,  Pseudechis.  The 
scincid  genus  Leiolopisma,  which  has  8  species  in  Gippsland,  is  unrepresented 
in  the  Mallee.  Conversely,  the  scincid  genus  Ablepharus ,  which  has  5  species 
in  the  Mallee,  is  unrepresented  in  Gippsland. 

5  families  of  reptiles  occur  in  Gippsland  and  all  are  shared  with  the  Mallee 
(Table  1).  However,  another  4  families  of  reptiles,  the  Gekkonidae,  Pygopodidae, 
Boidae,  and  Typhlopidae ,  which  are  represented  in  the  Mallee  by  9,  5,  1  and  8 
species  respectively,  are  absent  from  Gippsland. 

Table  2 


Comparison  of  Mallee  and  S.  Western  Australian  Reptile  Faunas 


Family 

Number  of  Species 
in  the  Mallee 

Number  of  Species 
in  S. 

Western  Australia 

Number  of 

Shared  Species 

CHELONIA 

Chelyidae 

3 

3 

- 

LACERTILIA 

Agamidae 

8 

15 

7 

Gekkonidae 

9 

16 

8 

Pygopodidae 

5 

10 

4 

Scincidae 

21 

45 

15 

Varan  idae 

2 

5 

1 

OPHIDIA 

Boidae 

1 

3 

1 

Elapidae 

16 

21 

9 

Typhlopidae 

8 

11 

4 

TOTAL 

73 

129 

49 
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In  summary,  it  can  be  seen  that  only  14%  of  the  species,  38%  of  the  genera, 
and  56%  of  the  families  of  reptiles  in  the  Mallee  also  occur  in  Gippsland  (Table  4). 
This  indicates  that  there  is  a  striking  difference  between  the  faunas  of  these  two 
areas,  even  though  they  are  only  separated  by  about  200  miles. 

Faunal  Relationships  of  the  Victorian  Mallee  and 
Southern  Western  Australia 

As  mentioned  earlier,  S.  Western  Australia  includes  Serventy  &  Whittell’s  (1951) 
South-Western  subregion  with  Eyrean  and  Bassian  elements.  Thus,  before  com¬ 
paring  the  Mallee  reptile  fauna  to  that  of  S.  Western  Australia,  the  size  of  the 
Bassian  component  must  be  measured.  This  can  best  be  done  by  comparing  the 
Gippsland  reptile  fauna  (Bassian)  with  that  of  S.  Western  Australia  at  the  specific 
level. 

6  species  of  reptiles  are  shared  between  Gippsland  and  S.  Western  Australia 
(Table  3).  The  shared  species  are: 

A.  muricatus ,  E.  whiteii,  L.  metallicum,  L.  trilineatum,  D .  coronoides,  N. 

scutatus . 

These  species  may  be  considered  as  Bassian  forms  on  the  basis  of  their  general 
distributions  (Keast  1959,  Rawlinson  unpublished).  Tlius,  at  most,  only  6  of  the 
129  species  of  reptiles  in  S.  Western  Australia  are  Bassian  forms.  As  this  is  less 
than  5%  of  the  species,  the  S.  Western  Australian  reptile  fauna  is  clearly  ot  a 
predominantly  Eyrean  nature. 


Table  3 


Comparison  of  Gippsland  and  S.  Western  Australian  Reptile  Faunas 


Family 

Number  of  Species 
in  Gippsland 

Number  of  Species 
in  S. 

Western  Australia 

Number  of 
Shared  Species 

CHELONIA 

Chelyidae 

1 

3 

- 

lacertilia 

Agamidae 

3 

15 

1 

Gekkonidae 

- 

16 

- 

Pygopodidae 

- 

10 

— 

SCINCFDAE 

19 

45 

3 

Varanidae 

1 

5 

- 

OPHIDIA 

Boidae 

- 

3 

- 

Elapedae 

7 

21 

2 

Typhlopidae 

— 

11 

— 

TOTAL 

31 

129 

6 

There  are  129  species  of  reptiles  in  S.  Western  Australia  (Table  2).  49  of 
these  species  are  shared  with  the  Mallee  which  has  73  species.  The  shared  species 
are: 

A.  adelaidetisis,  A.  barbatus,  A.  decresii,  A.  maculatus,  A.  muricatus,  A .  pictus, 
T.  lineata,  D.  strophurus,  D.  vittatus,  G.  variegata ,  G.  milii ,  H.  binoei, 
L.  damaeus ,  P.  marmoratus,  R.  ornata,  A.  pulchella,  D.  fraseri,  L.  burtonis, 
P.  lepidopodus,  A.  boutonii ,  A.  greyii,  A.  lineatus,  A.  lineoocellatus,  A.  timidus, 
E.  inornata ,  E.  kintorei,  E.  whiteii,  H.  peronii,  R.  bipes,  S.  jasciolatus,  S. 
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lesueurii,  S.  taeniolatus ,  T.  occipitalis,  T.  rugosa,  V.  gouldii,  M.  argus  variegata, 
A.  antarcticus,  B.  curta,  D.  nuchalis,  D.  psammophis,  D.  gouldii,  D.  suta, 
N.  scutatus ,  P.  australis,  V.  annulata,  T.  australis,  T.  bituber culatus,  T.  broomi , 
T.  pinguis.  3  of  these  species  A .  muricatus ,  E.  whiteii,  and  N.  scutatus  are  also 
shared  with  Gippsland. 

44  genera  of  reptiles  occur  in  S.  Western  Australia  and  32  are  shared  with  the 
Mallee  which  has  34  genera  (Table  4).  This  shared  genera  are: 

Chelodina,  Amphibolous,  Physignathus,  Tympanocryptis ,  Diplodactylus, 
Gehyra,  Gymnodactylus,  Heteronota ,  Lucasius ,  Phyllodactylus,  Rhynchoedura, 
Aprasia,  Delma,  Lialis,  Pygopus,  Ablepharus,  Egernia,  Hemiergis,  Rhodona, 
Sphenomorphus ,  Tiliqua,  Varanus,  Morelia,  Acanthophis,  Brachyaspis,  Brachy- 
urophis,  Dematisia,  Denisonia ,  Notechis,  Pseudechis ,  Ver micella,  Typhlops. 
The  scincid  genus  Ablepharus  is  represented  in  S.  Western  Australia  by  7  species 
including  the  5  forms  present  in  the  Mallee.  This  contrasts  with  the  situation 
in  Gippsland  where  the  genus  is  unrepresented.  The  scincid  genus  Leiolopisma 
is  also  represented  in  S.  Western  Australia  but  the  only  2  species  (L.  metal- 
Ucum  and  L.  trilineatum )  are  both  Bassian  intrusives  in  the  South-Western 
subregion  (see  earlier). 

S.  Western  Australia  and  the  Mallee  contain  the  same  9  families  (Table  2). 
The  4  families  Gekkonidae,  Pygopodidae,  Boidae,  and  Typhlopidae ,  which  are  not 
represented  in  Gippsland,  are  well  represented  in  S.  Western  Australia,  and  share 
many  species  with  the  Mallee. 

In  summary,  it  can  be  seen  that  67%  of  the  species,  94%  of  the  genera,  and 
100%  of  the  families  of  reptiles  in  the  Mallee  also  occur  in  S.  Western  Australia 
(Table  4).  Thus,  there  are  great  similarities  between  the  reptile  faunas  of  these 
two  areas  even  though  they  are  separated  by  at  least  800  miles. 


Table  4 

Summary  of  the  similarities  of  the  reptile  fauna  of  the  Mallee  with  those  of 
S.  Western  Australia  and  Gippsland  at  the  specific,  generic ,  and  family  levels 


Taxa 

Number  in  the 
Mallee 

Number  shared 
with  S. 

Western  Australia 

Number  shared 
with  Gippsland 

Species 

No. 

73 

49  (129) 

10  (31) 

% 

100 

67 

14 

Genera 

No. 

34 

32  (44) 

13  (16) 

% 

100 

94 

38 

Families 

No. 

9 

9  (9) 

5  (5) 

% 

100 

100 

56 

Total  numbers  foe  S.  Western  Australia  and  Gippsland  in  parentheses 


Conclusions 

From  the  preceding  discussion  and  Table  4  three  conclusions  are  evident: 

1.  The  Victorian  Mallee  reptile  fauna  is  distinct  from  that  of  the  Gippsland 
region,  even  though  the  regions  are  of  approximately  the  same  area  and  are 
only  separated  by  about  200  miles. 

2.  The  Victorian  Mallee  reptile  fauna  is  very  similar  to  that  of  S.  Western 
Australia,  although  the  regions  are  separated  by  over  800  miles. 
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3.  Although  there  is  only  a  small  degree  of  similarity  between  the  reptile 
faunas  of  Gippsland  and  S.  Western  Australia,  this  nevertheless  supports 
the  suggestion  of  Main  et  al.  (1958)  that  there  was  an  earlier  faunal 
connection  between  these  two  regions. 

These  conclusions  are  consistent  with  placing  the  Victorian  Mallee  into  Spencer’s 
(1896)  Eyrean  subregion  and  Gippsland  into  the  Bassian  subregion.  Also,  as  has 
already  been  recorded  by  Keast  (1959),  the  occurrence  of  6  Bassian  (Gippsland) 
reptile  species  in  S.  Western  Australia  supports  Serventy  &  WhittelPs  (1951)  idea 
that  the  South-Western  subregion  is  a  blending  of  Bassian  and  Eyrean  elements, 
with  the  Eyrean  components  predominating. 
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HONEYEATERS  OF  THE  SUNSET  COUNTRY 

By  N.  J.  Favaloro 
Mildura,  Viet. 

In  the  far  NW.  corner  of  Victoria  there  are  still  extensive  tracts  of  Mallee  in 
their  virgin  state.  Nevertheless,  these  are  only  remnants  of  what  was  originally  a 
vast  area  known  locally  as  The  Sunset’.  The  exact  boundaries  were  somewhat 
indefinite  but,  for  the  purposes  of  this  discussion,  it  can  be  regarded  as  having  been 
bounded  on  the  north  by  what  is  now  the  Sturt  Highway  and  on  the  south  by  the 
Ouyen  Highway,  while  it  extended  from  the  142  meridian  in  the  east  to  the  South 
Australian  border  in  the  west. 

During  the  last  45  years  serious  inroads  have  resulted  from  closer  settlement, 
particularly  in  the  north  where  the  present  boundary  of  the  Sunset  is  at  least 
20  miles  S.  of  the  Sturt  Highway,  and  in  the  south  where  an  irregular  and  less 
well-defined  boundary  is  now  some  12  to  15  miles  to  the  north  of  the  Ouyen 
Highway.  Cultivation  and  clearing  of  the  Mallee  along  the  E.  and  the  W.  edges  of 
the  Sunset  have  been  less  severe  but  none  the  less  persistent  and  relentless. 

Until  comparatively  recent  times,  the  remainder  of  the  Sunset  has  been  regarded 
by  the  public  generally  as  useless,  and  little  or  no  interest  had  been  taken  in  it 
by  State  Departmental  bodies.  With  the  awakening  of  public  interest  and  the 
growing  demand  for  more  and  more  land  to  be  opened  up  for  grazing  and  pastoral 
purposes,  it  behoves  all  those  interested  in  Natural  History  and  the  preservation  of 
natural  habitats  to  plan  now  for  adequate  reservations  throughout  the  Sunset. 

The  greatest  danger,  apart  from  the  complete  and  final  destruction  of  habitats 
by  clearing,  is  fire.  Unfortunately,  when  outbreaks  do  occur,  they  are  usually 
ignored  and  nothing  is  done  to  prevent  or  control  the  blaze  until  private  property 
or  crops  are  endangered.  In  the  meantime,  valuable  timber  is  lost,  rare  fauna  and 
flora  suffer  irreparable  damage,  and  unique  habitats  are  destroyed. 

The  loss  of  habitats  is  indeed  serious,  as  it  threatens  the  very  existence  of  such 
indigenous  birds  and  mammals  as  are  fortunate  enough  to  survive  in  the  small 
pockets  of  scrub  which  escape  the  fire.  Unfortunately,  owing  to  the  low  rainfall  and 
sand  drifts,  regeneration  is  painfully  slow. 

Three  large  and  extensive  fires  in  the  Sunset  over  the  past  five  years  have  had 
disastrous  effects  and  should  be  taken  as  a  serious  warning  of  what  can  happen 
in  the  future. 

The  Sunset  supports  an  amazing  variety  of  species  ranging  from  the  Emu, 
Dromaius  novae-hollandiae ,  and  the  Mallee  Fowl,  Leipoa  ocellata ,  on  the  one  hand 
to  the  diminutive  Mallee  Emu-Wren,  Stipiturus  mallee ,  on  the  other.  In  the  open 
forests  where  large  timber  and  belts  of  pine  and  belar  flourish,  parrots  and  cockatoos 
are  well  represented.  They  too  are  being  adversely  affected,  not  only  by  loss  of 
habitat  resulting  from  clearing,  but  also  because  their  breeding  hollows  are  destroyed 
by  timber  men  and  wood-cutters  from  year  to  year.  Birds  of  prey,  both  diurnal  and 
nocturnal,  inhabit  suitably  timbered  flats  and  ridges  which  occur  throughout  the 
area. 
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However,  the  main  objective  of  this  paper  is  to  review  the  status  of  one  family 
of  birds  occurring  in  the  Sunset,  namely  the  Honeyeaters  and,  as  they  belong  to  the 
most  numerous  and  widely  distributed  group  of  birds  on  the  Australian  continent, 
it  is  not  surprising  that  so  many  varied  forms  have  been  recorded  from  this 
comparatively  small  and  restricted  section  of  the  Malice.  Of  the  69  species  recog¬ 
nized  in  the  Checklist  of  the  Royal  Australasian  Ornithologists '  Union  (1926  ed.), 
34  have  been  recorded  in  the  State  of  Victoria  and,  of  these,  no  less  than  18  have 
also  been  recorded  from  the  Sunset.  It  is  interesting  to  note  in  passing  that  all  of 
these  species,  except  one,  have  been  known  to  breed  in  the  Sunset.  The  1 8  species 
to  which  I  refer  are  as  follows: 

578  Melithreptus  lunatus — White-naped  Honeyeater 
583  M.  brevirostris- — Brown-headed  Honeyeater 
585  Plectorhyncha  lanceolata — Striped  Honeyeater 
589  Myzomela  nigra — Black  Honeyeater 

593  Gliciphila  melanons — Tawny-crowned  Honeyeater 

594  G.  albifrons — White-fronted  Honeyeater 
602  Certhionyx  variegatus — Pied  Honeyeater 
608  Meliphaga  v  ire  see  ns — Singing  Honeyeater 
617  M.  leucotis — White-eared  Honeyeater 
620  M.  cratitia — Purple-gaped  Honeyeater 

622  M.  ornata — Yellow-plumed  Honeyeater 

623  M.  plurnula — Yellow-fronted  Honeyeater 
625  M.  penicillata — White-plumed  Honeyeater 

631  Meliornis  novae-hollandiae — Yellow-winged  Honeyeater 

635  Myzantha  flavigula — Yellow-throated  Miner 

636  Myzantha  obscura  =  Melanotus — Dusky  Miner 
638  Anthochaera  carunculata — Red  Wattle-Bird 

640  Acanthagenys  rufogularis — Spiny-cheeked  Honeyeater 

There  are  two  other  species  reputed  to  have  occurred  in  the  Sunset  but,  although 
I  shall  record  them  on  the  authority  of  A.  G.  Campbell,  I  think  they  can  only  be 
listed  tentatively  pending  confirmation,  viz.: 

Grantiella  picta — Painted  Honeyeater 
Myzantha  melanocephala — Noisy  Miner 

The  Painted  Honeyeater  has  an  interesting  distribution,  taking  in  the  greater 
part  of  New  South  Wales  to  the  east  of  the  Darling  R.,  and  extending  in  Victoria 
to  the  N.  central  sector  of  the  State,  the  W.  plains  and  to  the  north-east  of 
Melbourne,  but  it  appears  to  miss  the  Mallee  in  the  north-west. 

The  general  distribution  of  the  Noisy  Miner,  on  the  other  hand,  would  suggest 
this  species  as  a  more  likely  candidate  for  inclusion  in  a  list  of  Sunset  Honeyeaters, 
but  I  have  yet  to  find  a  suitable  habitat  for  M.  melanocephala  within  the  defined 
area,  and  Campbell’s  record  appears  to  be  based  on  a  record  from  Pine  Plains, 
at  least  30  miles  to  the  south  of  the  Sunset. 

Having  regard  to  the  highly  developed  migratory  characteristics  of  most  species 
of  Honeyeaters,  it  is  not  surprising  that  there  is  considerable  variation  in  the 
numerical  strength  of  the  various  species  from  time  to  time,  and  in  the  number  of 
species  themselves  inhabiting  the  area  at  any  particular  time. 

Residential  species  are  few  and  residential  individuals  even  fewer,  as  the 
populations  of  the  various  species  change  with  the  rise  and  fall  of  the  intensity  of 
migratory  movements. 

The  White-eared  Honeyeater,  M.  leucotis ,  is  undoubtedly  the  outstanding 
example  of  residential  groups,  as  the  individuals  themselves  are  residents  in  the 
strictest  sense  of  the  term.  They  inhabit  the  same  fixed  territory  from  year  to  year 
and  the  breeding  pairs  usually  build  their  nests  within  a  defined  and  rather  restricted 
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area  each  season.  Their  numbers,  too,  are  static  and  they  appear  to  be  unable  to 
adapt  themselves  to  changing  conditions  when  their  habitat  is  destroyed. 

The  genus  Meliphaga  to  which  they  belong  is  strongly  represented,  accounting 
for  one-third  of  the  total  species  listed  above.  Natural  permanent  water  is  prac¬ 
tically  non-existent  in  the  Sunset,  but  here  and  there  bores,  wells,  and  tanks  have 
been  constructed.  In  such  environments,  small  groups  of  White-plumed  Honeyeaters, 
M.  penicillata ,  have  become  established  and,  although  some  birds  are  nearly  always 
present,  it  is  fairly  safe  to  assume  from  their  varying  numbers  that  only  a  very  small 
percentage,  if  any,  are  really  permanent  residents.  But,  so  long  as  the  water  lasts, 
so  do  the  White-plumed  remain.  In  contrast  with  their  more  robust  relative,  the 
White-eared,  which  is  fairly  evenly  distributed  wherever  low  dense  cover  is  available, 
the  distribution  of  the  White-plumed  is  broken  and  patchy. 

It  is  over  50  years  since  the  first  Yellow-fronted  Honeyeaters,  M.  plumula,  were 
recorded  from  Victoria  in  the  vicinity  of  Murrayville.  In  more  recent  times,  how¬ 
ever,  they  have  become  established  as  residents  in  the  far  W.  sector  of  the  Sunset, 
some  20  miles  to  the  north-east  of  Pinnaroo.  Some  10  years  ago  a  pair  was  located 
by  Mr  Roy  Ribbons  and,  since  then,  the  colony  has  grown  until  at  present  there 
are  at  least  60  resident  breeding  pairs  in  the  colony. 

This  is  a  hardy  species  of  which  there  appear  to  be  two  major  populations — 
one  in  the  dry  interior  of  the  south-west  of  Western  Australia  and  the  other, 
separated  by  the  Nullarbor  Plain,  covers  most  of  South  Australia  and  a  small 
portion  of  the  far  NW.  corner  of  New  South  Wales.  There  are  only  a  few  scattered 
records  to  the  east  of  the  Darling  R.,  yet  its  closest  affinities,  M.  flavescens ,  the 
Yellow-tinted  Honeyeater,  and  M.  fiavay  the  Yellow  Honeyeater,  are  virtually  coastal 
forms,  extending  in  the  case  of  the  Yellow-tinted  from  the  Fitzroy  R.  in  the 
Kimberleys  to  Normanton  on  the  Gulf  of  Carpentaria,  and  in  the  case  of  the 
Yellow  Honeyeater,  from  the  tip  of  Cape  York  to  the  Tropic  of  Capricorn. 

It  is  interesting  to  observe  the  definite  and  comparable  break  in  the  distribution 
of  these  two  species  formed  by  the  dry  W.  slopes  of  Cape  York  itself.  Having 
observed  all  three  species  in  the  field,  one  cannot  help  but  be  impressed  by  the 
similarity  of  their  appearance  and  their  behaviour.  Nevertheless,  there  is,  even  in 
this  closely  allied  group  within  the  genus,  a  remarkable  difference  in  the  eggs  of 
these  three  species.  Those  of  the  Yellow-fronted  more  closely  resemble  typical  sets 
of  the  Purple-gaped  Honeyeater,  M.  cratitia ,  and  the  Yellow-tufted  Honeyeater, 
M.  melanops ,  and  are  usually  two  in  number  although  three  have  occasionally  been 
recorded.  The  eggs  of  the  Yellow-tinted  are  smaller  and  of  a  paler  pink.  Of  13 
nests  taken  by  H.  Barnard  and  General  F.  Hill  for  H.  L.  White  on  the  McArthur  R. 
in  Northern  Territory,  12  of  them  contained  the  full  set  of  one  egg  only,  the  other 
being  a  set  of  two.  On  the  other  hand,  the  Yellow  Honeyeater’s  clutch  is  almost 
invariably  two  and  the  eggs  are  among  the  most  beautiful  and  easily  distinguished 
eggs  of  all  the  Honeyeaters,  being  lavishly  and  boldly  decorated  with  rich  pink 
markings  on  a  lighter  and  delicate  pinkish  base. 

Another  colony  of  Yellow-fronted  Honeyeaters  was  recently  located  to  the 
north-east  of  Panitya  but,  so  far,  it  is  not  known  whether  or  not  it  has  become 
permanently  established. 

Of  the  remaining  three  members  of  Meliphaga ,  namely  virescens,  cratitia,  and 
ornata ,  the  Singing  Honeyeater  has  the  greatest  range  in  so  far  as  it  occurs  in  the 
west  and  the  drier  portions  of  practically  the  whole  of  our  continent,  yet  it  is  by 
no  means  plentiful  in  the  Sunset,  and  shows  a  preference  for  the  more  open  flats 
where  isolated  clumps  of  shrubs  dot  the  landscape.  Their  eggs  are  of  such  a  uniform 
pink  that  it  is  difficult  at  times  to  detect  the  presence  of  the  egg  of  the  Pallid 
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Cuckoo,  Cuculus  pallidus,  when  the  nest  of  this  Honeyeater  has  fallen  a  victim  to 
the  Cuckoo. 

Throughout  their  entire  range,  the  distribution  of  the  Purple-gaped  and  the 
Yellow-plumed  Honeyeaters  is  almost  identical,  but  that  of  the  latter  is  somewhat 
more  extensive,  especially  in  Western  Australia.  Although  both  species  are  virile 
migrants,  seasonal  movements  and  fluctuations  in  the  numbers  of  M.  ornata  are 
much  stronger  than  those  of  M.  cratitia.  In  good  seasons  the  Yellow-plumed 
Honeyeaters  appear  in  flocks  throughout  the  year.  The  Purple-gaped  Honeyeater 
enjoys  a  more  restricted  local  habitat  and  has  never  appeared  in  such  vast  numbers 
as  the  Yellow-plumed.  No  other  genus  in  the  Sunset  is  represented  by  more  than 
two  species. 

The  first  of  the  three  genera  in  which  two  species  are  represented  is  Melithreptus. 
It  was  not  until  September  1964  that  the  White-naped  Honeyeater,  M.  lunatus,  was 
first  recorded  in  the  far  SW.  corner  of  the  Sunset  by  Mr  Roy  Ribbons.  In  company 
with  Mr  Ribbons  and  Mr  H.  Morton,  I  visited  several  sectors  of  the  country  to 
the  north  of  Tutye  and  located  many  colonies,  thus  proving  that  the  invasion  was 
an  extensive  one.  but  the  birds  did  not  remain  long  and  within  the  ensuing  three 
weeks  they  had  left  the  various  districts  visited  by  them.  This  is  the  only  Honeyeater 
of  the  Sunset  which  does  not  breed  within  its  confines. 

Its  co-gener,  the  Brown-headed  Honeyeater,  M.  brevirostris ,  is  a  plain  drab 
bird  in  comparison,  and  is  so  inconspicuous  that  it  would  often  pass  unnoticed  but 
for  its  persistent  rowdy  and  piercing  call.  It  breeds  throughout  its  range.  The 
Brown-headed  Honeyeaters  are  gregarious  by  nature  and  tend  to  congregate  in 
small  family  flocks  like  all  other  members  of  the  genus.  They  are  too  frequently 
chosen  as  foster  parents  by  the  Pallid  Cuckoo. 

The  Tawny-crowned  Honeyeater,  Gliciphila  melanops ,  and  the  White-fronted 
Honeyeater,  G.  albifrons ,  are  the  two  representatives  of  the  typical  heath  dwellers. 
Their  appearances  throughout  the  Mallec  are  sporadic  so  far  as  melanops  is  con¬ 
cerned  but  more  of  a  seasonal  event  in  the  case  of  albifrons ,  the  former  usually 
occurring  in  restricted  numbers,  and  the  latter  in  great  force  when  favourable 
conditions  prevail. 

Their  habits,  their  calls,  and  their  ecology  in  general  is  less  varied  than  one 
finds  in  the  various  species  of  Meliphaga .  The  observer  has  no  difficulty  whatsoever 
in  realizing  that  these  two  species  are  so  closely  related.  Both  lay  eggs  of  a  similar 
size  and  lacking  in  colour,  being  almost  white  with  few  markings.  Their  nesting 
sites  are  almost  identical,  as  both  species  prefer  to  build  in  the  top  of  a  porcupine 
bush  or  low  down  at  the  base  of  a  mallee  shrub.  Some  years  ago,  I  found  a  nest 
of  G.  albifrons  which  contained  two  fresh  eggs  of  the  Honeyeater  and  one  of  the 
Horsfield  Bronze  Cuckoo,  Chalcites  basalis. 

The  Yellow-throated  Miner,  Myzantha  flavigula ,  is  very  plentiful  throughout 
the  Sunset  and  is  found  wherever  big  timber,  pine,  and  belar  still  stand.  It  is  the 
common  Miner  of  the  Mallee  and  is  easily  identified  by  the  conspicuous  white 
rump  which  can  be  seen  at  quite  a  considerable  distance. 

The  other  Miner  of  the  Mallee,  known  as  the  Dusky  Miner,  M.  obscura ,  has 
always  been  a  comparatively  rare  bird.  It  should  not  be  confused  with  another 
bird  bearing  the  same  name  and  being  of  Western  Australian  origin.  The  Dusky 
Miner  of  Western  Australia  and  of  Eyre  Peninsula  in  South  Australia  is  a  sub¬ 
species  of  the  Yellow-throated  Miner.  Despite  the  excellent  work  by  Mr  H.  Condon 
in  dealing  with  the  nomenclature  of  these  two  species,  some  ornithologists  still 
confuse  them. 
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During  the  last  10  years,  the  numerical  strength  of  the  Dusky  Miner  in  the 
Sunset  has  deteriorated  alarmingly.  Destruction  of  its  habitat  has  had  a  disastrous 
effect  upon  its  survival.  Large  areas  of  country  N.  from  Underbool  to  Murrayville, 
where  these  birds  were  formerly  plentiful,  have  been  cleared.  These  Miners  do  not 
appear  to  have  established  thmselves  on  the  Sunset  fringes  N.  of  the  clearing,  and 
they  have  disappeared  entirely  from  many  of  their  former  territories  N.  of  Panitya. 
The  small  breeding  colony  near  the  Hattah  Lakes  is  now  only  a  fraction  of  what 
it  was  in  1952. 

In  Victoria,  the  Dusky  Miner  is  sharing  with  the  Helmeted  Honeyeater, 
M.  cassidix,  the  doubtful  distinction  of  being  our  rarest  Honeyeater.  Even  outside 
the  Sunset  the  habitat  of  M.  obscura  is  very  restricted  and  it  is  obvious  that  only 
prompt  and  constructive  conservation  of  habitat  can  prevent  further  loss. 

Identification  in  the  field  is  simplified  by  the  complete  lack  of  the  white  rump 
which  gives  this  bird  the  appearance  of  being  uniform  in  colour  from  the  nape  of 
the  neck  almost  down  to  the  tip  of  the  tail. 

In  Victoria,  the  Red  Wattle  Bird,  Anthochaera  carunculata ,  is  so  well  known 
that  further  comment  would  seem  unnecessary.  It  has  adapted  itself  very  well  in 
the  dry  NW.  corner  of  our  State  where  it  reaches  the  limit  of  its  range  in  Victoria. 
During  the  breeding  season  their  harsh  raucous  calls  dominate  all  others  in  the 
more  heavily  timbered  portions  of  the  Mallee.  In  the  springtime  their  numbers  are 
greatly  augmented  but  a  small  percentage  remains  throughout  the  autumn  and 
winter  periods.  Their  stick  nests  are  usually  built  in  open  situations,  varying  from 
2  ft  to  12  ft  from  the  ground,  but  occasionally  a  cleverly  concealed  nest  may  be 
hidden  away  in  a  clump  of  mistletoe  or  built  in  a  thick  cluster  of  young  mallee 
shoots.  Two  eggs  of  rich  salmon,  boldly  blotched,  constitute  the  usual  clutch,  but 
one  remarkable  set  of  three  was  deposited  in  the  hollowed-out  top  of  the  nest  of 
a  White-browed  Babbler,  Pomatostomus  superciliosus  at  a  height  of  30  ft  from 
the  ground. 

That  was  the  only  occasion  on  which  I  have  ever  recorded  the  Wattlebird 
usurping  the  nest  of  another  species.  Unfortunately  this  nest  was  deserted  and 
when  I  visited  it  the  following  week  the  eggs  had  disappeared. 

The  remaining  4  Honeyeaters  of  the  Sunset  are  the  Black  ( Myzomela  nigra), 
the  Yellow-winged  ( Meliornis  novae-hollandiae) ,  the  Spiny-cheeked  ( Acantha - 
genys  rufogularis ),  and  the  Pied  Honeyeater  ( Certhionyx  variegatus).  The  first 
two  are  the  sole  representatives  of  their  respective  genera  occurring  in  the  Sunset 
and  the  latter  two  are  monotypic. 

The  Black  Honeyeater  is  by  far  the  smallest  of  the  Honeyeaters  to  visit  NW. 
Victoria.  They  are  regular  annual  migrants  to  the  Sunset  in  small  numbers,  but  at 
irregular  intervals  there  are  spectacular  invasions  when  the  birds  arrive  in  con¬ 
siderable  force.  There  are  rarer  instances  when  the  migrating  birds  run  into  many 
thousands  and,  on  these  occasions,  they  invade  the  whole  of  N.  Victoria. 

Black  Honeyeaters  are  quiet  and  somewhat  secretive  in  their  movements,  being 
rather  difficult  to  locate  under  normal  circumstances.  During  the  breeding  season, 
however,  they  indulge  in  extensive  display  and  the  high  pitched  plaintive  call  of 
the  male  can  be  heard  for  a  considerable  distance.  While  he  is  calling  and  indulging 
in  fancy  acrobatic  flights,  the  female  is  quietly  and  busily  engaged  either  with  nest 
building  or  brooding  eggs  and  young.  The  migratory  flights  of  Black  Honeyeaters 
are  probably  nocturnal  as  I  have  never  seen  them  arrive  nor  witnessed  their 
departure. 

Only  a  few  favoured  localities  along  the  S.  fringes  of  the  Sunset  to  the  north 
and  the  north-west  of  Cowangie  are  visited  annually  by  a  few  pairs  of  Yellow- 
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winged  Honeyeaters,  M.  novae-hollandiae.  Usually  they  begin  nesting  shortly  after 
their  arrival  and  depart  again  soon  after  they  have  reared  their  brood.  They  no 
doubt  come  from  the  south  where  they  are  more  plentifully  distributed  in  the  Big 
and  Little  Desert  country.  During  the  autumn,  single  birds  are  likely  to  be  seen 
wherever  acacia  and  broom-bush  flourish.  It  is  rather  an  interesting  characteristic 
of  this  particular  species,  especially  as  individual  Yellow-wings  are  sometimes 
recorded  in  unexpected  and  sometimes  most  unlikely  places  in  Victoria  N.  of  the 
Great  Divide. 

Spiny-cheeked  Honeyeaters,  A.  rufogularis ,  are  affected  less  by  habitat  than 
many  of  the  other  species  under  consideration.  They  can  and  do  adapt  themselves 
to  changing  conditions  and  are  still  plentiful  and  thriving  in  districts  where  the 
most  ruthless  methods  of  clearing  have  been  adopted.  Their  adaptability  is 
undoubtedly  assisted  by  their  ability  to  make  the  best  of  any  suitable  breeding  site 
available.  They  nest  just  as  freely  in  a  citrus  or  olive  grove,  in  ornamental  garden 
shrub  or  peppercorn,  as  they  do  in  native  mallee  trees  and  shrubs. 

The  Pied  Honeyeater,  C.  variegatus ,  is  the  rarest  Honeyeater  in  the  Sunset  and 
is  seldom  recorded.  The  unique  discovery  of  a  breeding  pair  at  Manya  by  W. 
Burgess  on  7  October  1946  has  never  been  repeated. 

Although  Honeyeaters  generally  are  fond  of  nectar  and  are  lovers  of  flowering 
gums  and  shrubs,  they  are  nevertheless  essentially  insectivorous,  and  it  is  not 
until  there  are  ample  supplies  of  insects  available  for  them  that  widespread  breeding 
takes  place. 

Extensive  areas  are  needed  to  support  Honeyeaters,  apart  altogether  from 
suitable  breeding  habitats,  and  every  effort  should  be  made  to  support  those 
organizations  interested  in  the  preservation  of  substantial  areas  in  their  natural 
state  in  the  Sunset.  It  is  most  desirable  that  several  large  compact  areas  should  be 
set  aside  as  reserves  and  active  steps  taken  to  deal  promptly  and  effectively  with 
ever-present  fire  hazards  in  particular. 
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MAMMALS  RECORDED  FOR  THE  MALLEE,  VICTORIA 
By  N.  A.  Wakefield 

Department  of  Zoology  and  Comparative  Physiology,  Monash  University 

Abstract 

The  major  vegetational  formations  of  the  Malice  are  briefly  discussed  and  sources  of 
data  about  Mallee  mammals  are  indicated,  A  list  is  given  of  41  mammals  recorded  from  in  or 
near  the  Victorian  Mallee.  and  records  of  each  are  summarized.  These  mammals  are  discussed 
under  four  categories:  15  were  inland  or  W.  animals  which  approached  or  penetrated  the 
Victorian  Mallee  only  in  the  Murray-Darling  area  and  none  of  which  has  been  recorded  there 
for  about  a  century;  6  species  (4  of  which  are  still  extant)  belonged  to  less  arid  inland  habitats, 
and  occurred  about  the  Mallee  and  in  adjoining  woodland  areas  of  N.  and  W.  Victoria;  3  are 
typically  Mallee  species  still  extant  in  the  region;  and  17,  which  are  widespread  in  Victoria 
today,  extended  more  or  less  into  the  Mallee.  The  Victorian  Mallee  is  thus  shown  to  have 
been  the  meeting  place  of  two  distinct  faunas — the  one  of  arid  inland  Australia  and  the  other 
of  C.  and  S.  Victoria. 


Vegetation 

Most  of  the  Victorian  Malice  originally  carried  a  mallee-eucalypt  vegetation 
but,  with  the  spread  of  agriculture,  much  of  this  formation  has  been  eliminated. 
Most  of  the  remnant  lies  between  the  South  Australian  border  and  a  N.-S.  line 
from  Mildura  to  Horsham.  In  this  W.  sector  there  are  three  major  units  of  natural 
habitat,  the  Little  Desert,  the  Big  Desert,  and  the  Sunset  Country. 

The  Little  Desert  is  an  E.-W.  zone  of  sandy  heathland  practically  devoid  of 
mallee-eucalypts  but  carrying  a  little  brown  stringybark  ( Eucalyptus  baxteri). 
Adjoining  this  desert  on  the  N.  side  is  a  tract  of  typical  mallee-eucalypt  vegetation, 
which  in  turn  gives  way  to  the  woodland  formation  of  the  Nhill-Kaniva  district. 
This  woodland  is  not  properly  part  of  the  Mallee  but  is  similar  to  extensive  tracts 
lying  S.  and  SE.  of  that  region.  It  isolates  the  Little  Desert  habitat  from  the  rest 
of  the  Mallee. 

The  Big  Desert  is  a  comparatively  large  tract  of  sand  plains  and  dunes  carrying 
mainly  a  mixture  of  heath  vegetation  and  mallee-eucalypt.  Intruding  into  it,  the 
Pine  Plains  unit  is  an  area  of  grassland  and  savannah.  The  Big  Desert  is  bounded 
to  the  north  by  an  E.-W.  zone,  about  the  Ouyen  Highway,  of  somewhat  fertile 
sandy  loam,  the  natural  vegetation  of  which  is  comparatively  dense  mallee-eucalypt 
formation. 

The  Sunset  Country  is  sand,  generally  with  sparse  mallee-eucalypt  vegetation 
but  with  a  number  of  open  plains.  A  few  areas,  notably  the  Raak  Plain,  are  saline 
and  carry  saltbush. 

From  about  Red  Cliffs  westward  there  were  originally  open  formations  such 
as  grassland,  savannah,  and  pine-belar  woodland.  Saltbush  plains  reappear  N.  of 
the  Sturt  Highway,  and  finally  there  are  the  gum-box  woodlands  of  the  Murray  R. 
flood-plains. 

Main  roads,  general  areas,  and  localities  cited  in  this  paper,  as  well  as  original 
limits  of  mallee  vegetation,  are  illustrated  in  Fig.  1. 
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Fig.  1 
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Sources  of  Data 

Specimens  in  the  National  Museum  of  Victoria  provide  the  main  body  of 
information,  and  some  additional  material  is  cited  from  the  mammal  collection  of 
the  Fisheries  and  Wildlife  Department  of  Victoria.  The  abbreviations  NMV  and 
FWD  respectively  are  used  for  these  institutions. 

The  museum  specimens  of  bats  (Molossidae,  Vespertilionidae)  cited  in  the 
present  paper  have  been  identified  by  R.  M.  Ryan,  lately  curator  of  mammals 
at  the  NMV  and  a  specialist  in  the  study  of  Microchiroptera.  The  taxonomy  used 
hereunder  for  bats  is  that  currently  adopted  by  the  CSIRO  Division  of  Wildlife 
Research;  otherwise,  with  the  exceptions  indicated  in  the  text,  names  of  mammals 
are  according  to  Iredale  &  Troughton  (1934). 

An  analysis  has  been  made  of  records  of  the  Blandowski  expedition  of  1857. 
This  provides  some  locality  data  less  vague  than  the  citation  ‘Junction  of  Murray 
and  Darling’  that  has  been  applied  universally  to  Blandowski  material  located  in 
the  NMV.  Gerard  Krefft  was  responsible  for  almost  all  the  collecting  of  mammals 
for  this  expedition,  and  the  observations  attributed  to  him  in  the  present  paper 
apply  to  his  experiences  during  the  expedition.  ‘Mondellimin’,  the  Blandowski  base 
camp,  was  situated  on  the  S.  bank  of  the  Murray  approximately  where  Mildura 
now  is.  In  the  present  paper,  citations  of  that  locality  almost  invariably  apply  to 
series  of  specimens  which  may  have  originated  partly  or  wholly  from  either  New 
South  Wales  or  Victoria.  These  details  are  discussed  fully  in  a  separate  paper 
(Wakefield  1966)  which  should  be  read  in  conjunction  with  the  present  one. 

In  the  present  paper,  some  observations  are  included  which  are  not  supported 
by  preserved  specimens  but  which  are  considered  to  be  valid.  Those  of  the  present 
author  are  cited  as  ‘N.A.W.  obs.’;  others  are  acknowledged  to  C.  R.  Crouch  of 
Kaniva  and  H.  R.  Hobson  of  Rosebery. 

Mammal  Records 

Ornithorhynchidae 
Ornithorhynchus  anatinus 

FWD:  Murray  R.  at  Rufus  R.  1963;  Swan  Hill  1948;  Reedy  Lake,  Kerang  1960. 

C.  R.  Crouch  (in  litt.  1961)  stated  that  the  species  is  in  the  Wimmera  R.  and 
that  a  skull  was  found  on  one  of  its  sand-banks  in  August  1959. 

Tachyglossidae 
Tachyglossus  aculeatus 

Diggings  noted  in  1964  and  1965  indicate  that  the  species  is  widespread  in  heath 
"formations  of  Little  Desert,  Big  Desert,  and  the  Sunset  Country  (N.A.W.  obs.). 

Dasyuridae 
Antechinus  flavipes 
NMV:  Mondellimin  1857. 

Krefft  found  the  species  plentiful  in  gum-box  forests  along  the  Murray. 

Phascogale  calura 
NMV:  Mondellimin  1857. 

Sminthopsis  crassicaudata 

NMV:  Mildura  1953;  Karawinna  1929;  Werrimull  1929;  Carwarp  1964;  Swan 
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Hill  1906;  Rainbow  1911;  Birchip  1904;  Warrnacknabeal  1904;  N.  edge  of 
Little  Desert  near  Kiata  1945;  Goroke  1916. 

Sminthopsis  murina 
NMV:  Mondellimin  1857. 

On  17  April  1965,  a  specimen  was  caught  in  the  Big  Desert,  13  miles  N.  of  Yanac. 
It  was  examined  and  positively  identified  before  it  escaped  (N.A.W.  obs.). 

A  ntechinomys  laniger 
NMV:  Mondellimin  1857. 

Dasyurinus  geoffroii 
NMV:  Mondellimin  1857. 

Myrmecobius  fascial  us  (=  rufus ) 

Kreflt  reported  that  the  species  was  not  to  be  found  near  the  Murray  but  that  it 
occurred  in  the  Tapio  area  near  the  lower  Darling  R. 

Peramelidae 
Isoodon  obesulus  forma 
NMV:  Mondellimin  1857. 

Krefft  found  the  species  plentiful  in  the  lower  Murray  R.  area. 

The  N.  Mai  lee  animals  corresponded  in  size  to  the  /.  obesulus  of  Central  Australia 
and  to  the  specimens  recorded  from  the  lower  Murray,  South  Australia  (Wake¬ 
field  1964).  They  are  treated  in  the  present  paper  as  an  entity  distinct  from 
the  much  larger  form  abundant  in  S.  Victoria. 

Perameles  bougainville  (=  fasciata ) 

NMV:  Mondellimin  1857. 

Krefft  found  the  species  common  about  the  Murray  R.  The  only  other  Victorian 
record  is  of  skeletal  remains  of  unknown  antiquity  from  an  owl  pellet  deposit 
in  the  Grampians  (Wakefield  1963a). 

Macrotis  lagotis 

NMV:  Murray-Darling,  N.S.W.  1857. 

Krefft  obtained  the  Blandowski  expedition  specimens  in  New  South  Wales,  and  his 
comment  that  it  had  ‘long  ago  retreated  to  the  north  of  the  Murray’  is  evidently 
the  sole  basis  of  the  statement  by  Brazenor  (1950)  that  it  was  ‘originally 
recorded  from  the  north-west  of  the  State’. 

Chaeropus  ecaudatus 

NMV:  Murray-Darling,  N.S.W.  1857. 

Krefft  obtained  all  the  Blandowski  specimens  N.  of  the  Murray,  and  the  type 
specimen  provides  the  only  valid  record  of  the  species  in  Victoria. 

Mitchell  (1839)  reported  the  capture  of  the  original  animal  in  June  1836,  a  few 
miles  SE.  of  the  Murrumbidgee  junction.  The  habitat  was  ‘grassy  plains  bounded 
by  sandhills  on  which  grew  pines  (callitris)  and  open  forests  of  goborro  (or 
box  trees)  .  .  .  nearer  the  river’. 
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Phalangeridae 

Acrobates  pygmaeus 

C.  R.  Crouch  (in  litt.  1965)  reported  that  a  specimen  was  found  near  Kaniva  in 
1956,  and  a  second  near  L.  Booroopki,  W.  of  Goroke,  in  1964.  The  latter 
record  is  supported  by  clear  colour  photographs. 

Cercartetus  concinnus 

NMV:  Mildura  1955;  Ouyen  1911;  Underbool  1910;  Serviceton  1937;  Little 
Desert,  6  miles  SE.  of  Kiata  1961;  Wail  1961. 

FWD:  Nurcoung,  10  miles  NE.  of  Natimuk  1962  (Type  of  C.  c.  minor). 

Wakefield  (1963)  described  the  habitat  as  mallee  and  mallee-heath  formations 
where  there  is  sclerophyllous  shrubbery  in  conjunction  with  eucalypts. 

Petaurus  breviceps 

C.  R.  Crouch  (in  litt.  1965)  reported  that  specimens  were  found  7  miles  SE.  of 
Kaniva  in  1956  and  near  South  Lillimur,  7  miles  SW.  of  Kaniva,  in  1965. 

Pseudocheirus  peregrinus  (=  laniginosus) 

Krefft  found  the  species  very  rare  in  the  Murray-Darling  area  in  1857,  and  there 
is  no  other  Mallee  record  of  it. 

Trichosurus  vulpecula 

NMV:  Carwarp  1956;  Gredgwin  1962;  Yanac  1954;  Boyeo,  10  miles  NW.  of 
Nhill  1961;  S.  of  Kaniva  1965. 

Krefft  found  the  species  plentiful  in  the  gum-box  forests  along  the  Murray  and 
also  in  tall  mallee  formation  many  miles  from  water. 

Macropodidae  , 

BettongiaAesueur  W  C  \  !  a  q 

NMV:  Mondellimin  1857. 

Krefft  found  the  species  along  the  Murray  westward  from  about  Euston,  and  he 
noted  its  partiality  to  Polygonum  thickets. 

Bettongia  lesueur 

NMV:  Murray-Darling,  N.S.W.  1857. 

Krefft  obtained  all  the  Blandowski  expedition  specimens  in  New  South  Wales. 

[Aepyprymnus  rujescens 

NMV:  Gunbower  and  Echuca  1856-7. 

Krefft  did  not  encounter  the  species  W.  of  Reedy  Lake  (Kerang),  and  it  cannot  be 
considered  as  a  Mallee  species.] 

Lagorchestes  leporides 

NMV:  Murray-Darling  1857. 

Krefft’s  experience  with  the  species  was  mainly  or  wholly  between  the  Murray 
and  Darling,  particularly  in  saltbush  country. 

Onychogalea  fraenata 

NMV:  Mondellimin  1857. 
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Krefft  found  the  species  plentiful  from  about  Gunbower  to  the  Murray-Darling 
area,  and  he  noted  its  preference  for  scrub-covered  sandhills. 

In  1959  a  sub-fossil  skeleton  of  unknown  antiquity  was  found  near  L.  Hindmarsh; 
it  is  lodged  in  the  Mines  Department  Geological  Museum,  Melbourne. 

Onychogalea  lunata 

NMV:  W.  of  Darling  R.,  N.S.W.  1857. 

Wallabia  rufogrisea 

FWD:  8  miles  SW.  of  Kaniva  1966. 

Several  sightings  in  1 965  demonstrate  that  the  species  occurs  also  on  the  N.  fringe 
of  the  Little  Desert  both  SW.  and  SE.  of  Kaniva  (N.A.W.  obs.). 

Macropus  rufus  (=  Megaleia) 

NMV:  Benetook  1949. 

FWD:  Ned’s  Corner  1960. 

Macropus  major 

NMV:  Swan  Hill  1911;  Winiam  1921. 

FWD:  Mildura  1960;  N.  of  Hattah  1962. 

On  the  evidence  of  the  sighting  of  many  animals  and  innumerable  tracks  in  areas 
investigated  during  1964  and  1965,  this  species  is  recorded  as  widespread  and 
abundant  in  the  Mallee  (N.A.W.  obs.). 

Over  50  years  ago,  LeSouef  (1887),  French  (1889),  and  Mattingley  (1909) 
found  it  plentiful  near  L.  Albacutya,  towards  Red  Bluff  station  via  Bordertown, 
and  in  the  Pine  Plains  area,  respectively. 

These  observations  apply  mainly  or  wholly  to  the  Black-faced  Kangaroo,  M.  m. 
melanops ,  but  the  relationship  of  this  Mallee  form  to  the  common  Grey 
Kangaroo  is  not  considered  in  this  paper. 

Muridae 

Hydromys  chrysogaster 

NMV:  Mildura  1953,  1962;  L.  Boga  1857. 

H.  R.  Hobson  (in  litt.  1962)  reported  observation  of  two  specimens  in  Outlet  Ck 
near  L.  Albacutya  in  1958. 

[Thetomys  gouldii 

The  single  NMV  specimen  registered  as  ‘Junction  of  Murray  and  Darling’  was 
evidently  brought  back  by  Blandowski  from  his  Darling  R.  excursion,  and  the 
species  cannot  be  recorded  as  Victorian  or  even  from  the  lower  Darling  area.] 

Leggadina  hermannsburgensis 

NMV:  Murray-Darling  1857. 

Krefft  indicated  that  the  species  had  a  general  distribution  in  the  scrubs  of  the 
lower  Murray  R.  district.  It  is  reasonably  certain  that  some  of  the  many  speci¬ 
mens  he  collected  were  obtained  in  the  N.  part  of  the  Victorian  Mallee. 

Gyomys  apodemoides 

NMV:  Little  Desert,  S.  of  Kiata  1940,  1957. 

Field  work  in  1964  and  1965  has  established  that  the  species  is  widespread  and 
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abundant  in  undulating  heath  and  mallee-heath  formations  of  both  the  Little 
Desert  and  Big  Desert  (N.A.W.  obs.). 

Gyomys  desertor  {=  Mus  subrujus  Krefft) 

NMV:  Murray-Darling  1857. 

Krefft  referred  to  the  abundance  of  this  species  between  Gol  Gol  and  the  Darling 
R.,  and  he  neither  affirmed  nor  denied  its  occurrence  S.  of  the  Murray.  It  is 
highly  probable  that  some  of  the  many  specimens  he  collected  were  obtained 
in  Victoria. 

Leporillus  apicalis 

NMV:  Mondellimin  1857. 

Krefft  found  the  species  on  both  sides  of  the  Murray  R.  from  about  Euston  west¬ 
ward. 

Leporillus  conditor 

NMV:  Tapio,  N.S.W.  1857. 

The  acceptance  that  this  species  once  occurred  in  the  Victorian  Mallee  is  based 
on  Krefft’s  report  of  its  empty  stick  houses  to  the  south  of  the  Murray  R. 

Notomys  mitchellii 

NMV:  Mondellimin  1857;  Hattah  1965;  NE.  end  of  L.  Albacutya  1956;  near 
Rainbow  1962;  8  miles  E.  of  Yanac  1955. 

FWD:  8  miles  NE.  of  Kiamal  1965;  S.  of  Tutye  1965;  Ngallo  1965. 

The  type  specimen  was  obtained  in  June  1836  several  miles  SE.  of  L.  Boga,  Victoria 
{vide  Mitchell  1839). 

Krefft  encountered  the  species  in  abundance  from  the  Murrumbidgee  westward  to 
about  the  Darling. 

A  recent  survey  has  shown  that  in  the  Hattah  area  and  about  the  Big  Desert  its 
habitat  is  scrub-covered  sandhills  associated  with  mallee-eucalypt  formation 
(N.A.W.  obs.). 

On  the  evidence  of  an  observation  reported  to  him,  Brazenor  (1936)  recorded 
Notomys  from  near  Goroke,  but  this  is  suspect  as  there  is  no  valid  record  of 
the  species  from  the  Little  Desert  area. 

Canidae 

Cams  familiaris  dingo 

NMV:  Mondellimin  1857. 

Krefft  found  the  dingo  plentiful  about  the  Murray  R.,  despite  poisoning  by  settlers. 

French,  LeSouef,  and  Mattingley  (l.c.)  indicated  that  it  was  still  abundant  in 
mallee  areas  about  the  turn  of  the  century. 

Records  of  the  Vermin  and  Noxious  Weeds  Branch  of  the  Department  of  Lands 
and  Survey,  Victoria,  show  that  for  1963  and  1964  an  aggregate  of  18  wild 
dogs  or  dingoes  were  destroyed  in  the  Shire  of  Lowan,  W.  Wimmera. 

Remains  of  two  kangaroos,  with  large  bones  broken  and  chewed  dog  fashion,  in 
the  vicinity  of  Salt  Lake,  13  miles  S.  of  Kiata,  in  December  1964,  established 
that  wild  dogs  or  dingoes  had  recently  been  in  that  section  of  the  Little  Desert; 
and  several  sets  of  fresh  dingo  tracks  were  found  near  Millewa  Bore,  Sunset 
Country,  in  September  1965  (N.A.W.  obs.). 
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Molossidae 

Tadarida  australis 

NMV:  Warracknabeal  1927. 

C.  R.  Crouch  (in  litt.  1961)  reported  examining  examples  of  this  species  in 
September  1959  from  two  localities  on  the  S.  fringe  of  the  Big  Desert:  one 
from  Murrawong,  N.  of  Kaniva,  and  several  from  approximately  6  miles  N. 
of  Kiata. 

Tadarida  planiceps 

NMV:  Red  Cliffs  1954;  18  miles  N.  of  Underbool  1963;  L.  Meering  1962,  1963; 
Kiata  1963;  Kaniva  1961. 

Vespertilionidae 
Chalinolobus  gouldii 

NMV:  Mopoke  Tank,  Sunset  Country  1961;  Perry  Tank,  Sunset  Country  1963; 
L.  Meering  1962,  1963;  Rainbow  1962;  S.  of  Kaniva  1961. 

Eptesicus  pumilus 

NMV:  Mildura  1961;  Hattah  1951;  Mopoke  Tank  1961;  Kattyoong  1962;  L. 
Meering  1962,  1963;  W.  Wimmera  1961. 

Nyctophilus  geoffroyi 

NMV:  Raak  1918;  Mopoke  Tank  1961;  Ouyen  1910;  Little  Desert,  S.  of  Kiata 
1961. 

Nyctophilus  timoriensis 

NMV:  Mopoke  Tank  1961;  Ouyen  1910. 

Nycticeius  balstoni 

NMV:  Red  Cliffs  1922;  Pink  Lakes,  NW.  of  Underbool  1963;  S.  of  Kaniva  1960. 

Discussion 

Many  of  the  mammals  encountered  by  Krefft  in  1857  were  inland  or  W.  species 
of  arid  habitats  which,  as  far  as  is  known,  approached  or  penetrated  the  Victorian 
Mallee  only  in  the  Murray-Darling  area.  The  following  15  species  are  in  this 
category. 

Myrmecobius  fasciatus,  Macrotis  lagotis ,  Bettongia  lesueur,  and  Onychogalea 
lunata  were  found  N.  of  the  Murray  R.,  and  there  is  no  evidence  that  any  of  them 
occurred  in  Victoria  in  modern  time.  Nevertheless,  any  of  them  may  have  been 
present,  immediately  prior  to  European  settlement,  in  the  N.  fringe  of  the  Victorian 
Mallee. 

Phascogale  calura,  Antechinomys  laniger,  Dasyurinus  geoffroii ,  Isoodon 
obesulus  forma,  Perameles  bougainvillc ,  Chaeropus  ecaudatus,  Bettongia  penicillata , 
Gyomys  desertor,  Legaddina  hermannsburgensis,  Leporillus  condi tor,  and  Leporil- 
lus  apicalis  are  accepted  as  having  occurred  on  the  Victorian  side  of  the  Murray. 
Nothing  further  is  known  of  the  distribution  of  any  of  these,  as  modern  animals, 
in  this  State,  though  it  is  likely  that  at  least  some  were  widespread  about  the  Mallee. 

None  of  the  15  mammals  listed  above  nor  the  first  two  of  the  next  category 
below  has  been  recorded  in  or  near  Victoria  since  the  1860s.  Marlow  (1958) 
records  a  similar  situation  with  the  marsupials  of  W.  New  South  Wales,  where  ‘the 
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smaller  plain-dwelling  members  .  .  .  without  exception  have  been  reduced  to  rarity 
or  extinction’. 

A  second  category  comprises  species  of  less  arid  habitat,  which  were  formerly 
widespread  in  inland  areas  of  New  South  Wales  and  which  occurred  in  woodlands 
of  N.  or  W.  Victoria  as  well  as  about  the  Mallee.  These  include  Lagorchestes 
leporides,  Onychogalea  fraenata,  and  Macropus  rujus ,  all  of  which  are  represented 
in  the  NMV  collections  by  specimens  from  the  Echuca-G unbower  district,  well  to 
the  east  of  the  limits  of  the  Mallee. 

Three  small  species — Sminthopsis  murina,  Tadarida  planiceps,  and  Nycticeius 
balstoni — are  in  the  same  category,  extending  into  the  Mallee  and  the  W.  Victorian 
woodlands. 

A  third  category  comprises  Cercartetus  concinnus,  Gyomys  apodemoides,  and 
Notomys  mitchellii ,  all  of  which  are  today  plentiful  in  central  Mallee  areas.  In 
Victoria  none  of  these  occurs  outside  the  Mallee. 

The  fourth  category  comprises  17  mammals  that  are  widespread  in  Victoria 
and  which  extend  more  or  less  into  Mallee  areas: 

Acrobates  pygmaeus,  Petaurus  breviceps ,  and  Wallabia  rujogrisea  are  each 
recorded  only  from  the  southernmost  Mallee  unit.  They  are  known  from  areas 
marginal  to  the  Little  Desert. 

The  two  aquatic  species,  Ornithorhynchus  anatinus  and  Hydromys  chrysogaster, 
are  apparently  confined  in  the  Mallee  to  waters  associated  with  the  Murray  and 
Wimmera  Rivers. 

Antechinus  flavipes  and  Trichosurus  vulpecula  are  marginal,  in  woodlands  or 
along  streams  where  large  trees  provide  suitable  homes. 

Sminthopsis  crassicaudata ,  widespread  in  woodlands  from  NE.  to  SW.  Victoria, 
penetrates  the  Mallee  in  much  of  the  mallee-eucalypt  formation. 

Available  records  of  the  four  small  bats,  Chalinolobus  gouldii,  Eptesicus 
pumilus,  Nyctophilus  geoffroyi,  and  N.  timoriensis ,  indicate  that  each  occurs  deep 
in  the  Mallee,  but  data  about  the  larger  Tadarida  australis  suggest  that  it  may  be 
marginal,  in  areas  carrying  larger  trees. 

The  dingo  survives  in  remote  places,  and  Macropus  major  is  widespread  and 
abundant  in  the  Mallee. 

The  apparent  absence  of  Pseudocheirus  pereginus  from  woodlands  marginal  to 
the  Mallee  suggests  that  KrefTt’s  1857  record  and  the  specimens  in  the  Fromm’s 
Landing  excavation  (Wakefield  1964)  may  have  represented  a  lower  Murray  R. 
population  of  the  species  discrete  from  that  of  S.,  C.,  and  E.  Victoria. 

Krefft  was  definite  that,  when  he  was  at  ‘Mondellimin’,  Tachyglossus  aculeatus 
was  unknown  in  the  lower  Murray  R.  district.  Now  it  is  widespread  in  the  Mallee 
including,  according  to  local  naturalists,  the  Mildura  area.  These  data  indicate  that 
the  echidna  has  spread  into  the  northern  Mallee  during  the  past  100  years. 
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VEGETATION  STUDIES  IN  NORTH-WEST  VICTORIA 
II.  THE  HORSHAM  AREA 

By  D.  J.  Connor 

Botany  Department,  University  of  Melbourne 

Summary 

The  soil  and  vegetation  interrelationships  of  an  area  of  the  Wimmera  Region  of  Victoria 
are  discussed.  The  original  vegetation  formations  of  the  area  have  been  reconstructed  and 
mapped  from  remnants  preserved  along  road  reserves.  Four  savannah  woodland  communities, 
Eucalyptus  largiflorens  association,  E.  hemiphloia  asociation,  E.  leucoxylon  asociation,  and 
Casuarina  leuhrnannii  association,  intergrade  considerably  to  comprise  the  vegetation  of  the 
major  part  of  the  area.  Because  of  the  extensive  clearing  that  has  been  undertaken,  it  is 
often  difficult  to  distinguish  the  original  areas  of  savannah  woodland  from  the  former  grassland 
formation,  Stipa-Danthonia  association. 

Introduction 

The  soils  and  vegetation  of  an  area  of  300  square  miles  of  the  Victorian 
Wimmera  Region  were  surveyed  from  all  passable  roads  and  from  many  tracks. 
The  area  is  located  on  aerial  photomap  Horsham  880  and  is  shown  inset  on  the 
map  of  Victoria  (Fig.  1).  No  account  of  the  vegetation  of  the  Wimmera  is  avail- 
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able,  although  various  publications  (Leeper  1957;  Skene  1954,  1959)  have  made 
passing  comments  about  the  savannah  woodland  communities  which  comprised  a 
great  part  of  the  area.  In  South  Australia,  a  survey  near  the  Victorian  border 
(Specht  1951)  dealt  in  detail  with  country  with  many  similarities. 

Large  scale  clearing  has  resulted  in  the  removal  of  most  of  the  original  vege¬ 
tation.  At  the  present  time  one  of  the  most  conspicuous  species  over  much  of  the 
area  is  Eucalyptus  cladocalyx  F.  Muell.  (sugar  gum),  a  South  Australian  endemic, 
which  was  extensively  planted  at  the  beginning  of  this  century.  It  is  exceptionally 
difficult,  therefore,  to  delineate  the  distribution  patterns  of  the  native  tree  species. 
Close  interrelationships  of  the  soils  of  the  area  are  a  conspicuous  feature  of  the 
landscape  and  mapping  of  their  variation  is  difficult. 

Geology  and  Physiography 

During  Lower  Cretaceous  times,  earth  movements  caused  the  formation  of  the 
Murray  Basin  in  South  Australia  and  SE.  Victoria.  They  continued  into  the  early 
Tertiary  and  the  Basin  increased  in  size  to  include  part  of  the  Wimmera.  At  this 
time  a  bedrock  fault  situated  6  miles  W.  of  Dimboola  and  trending  NNW.  prevented 
further  easterly  invasion  of  the  sea.  However,  by  Mid-Tertiary,  subsidence  of  both 
E.  and  W.  blocks  enabled  the  Gulf  to  extend  across  the  Dimboola  Fault.  Bore 
logs  show  that  420  ft  of  the  Lower  Cretaceous  carboniferous  sands  and  clays  found 
at  Nhill  have  no  equivalent  at  Kewell  on  the  high  E.  block  (Anon.  1961). 

In  Pliocene  times  gradual  uplift  caused  the  sea  to  retreat.  The  NNW.  ridges, 
which  are  a  noticeable  feature  of  the  W.  Wimmera  and  to  a  lesser  extent  of  the 
E.  Wimmera,  are  considered  to  be  stranded  coastal  dunes  of  the  retreating  Murray 
Gulf  (Blackburn  1962a).  Two  such  dunes  occur  in  the  study  area.  They  are 
situated  approximately  one  mile  apart  and  govern  the  course  of  the  Yarriambiac 
Ck  from  Jung  northwards  towards  Hopetoun. 

Estuarine  clays  and  sands  were  deposited  over  the  greater  part  of  the  area  by 
rivers  and  lakes  which  drained  the  newly  exposed  surface.  Blackburn  (1962b) 
considers  that  the  distribution  of  the  Wimmera  clay  soils  indicates  the  location  of 
an  earlier  Glenelg  R.  S.  of  the  present  town  of  Horsham.  The  river  altered  its 
course  when  the  exposed  plain  was  uplifted  and  tilted  to  the  north.  This  movement 
probably  occurred  along  the  Dimboola  Fault.  The  Murray  R.  came  to  occupy  its 
present  course,  while  its  lower  reaches  became  the  present  Glenelg  R.  and  the 
upper  reaches  the  Wimmera  R.  By  a  reversal  of  flow  resulting  from  the  same  tilting 
phenomenon,  the  Wimmera  R.  occupied  a  former  southward  flowing  river  valley 
between  Quantong  and  Jeparit.  The  same  movement  probably  accounts  for  the 
northward  flowing  courses  of  the  Yarriambiac  and  Dunmunkle  Ck  which  are 
effluents  of  the  Wimmera  R. 

In  the  Pleistocene  and  Recent  Periods  addition  of  wind  borne  and  saltation 
material  from  the  west  have  caused  the  formation  of  characteristic  structures — 
lunettes,  which  are  a  common  feature  of  the  E.  margins  of  now  dried-up  lakes. 
The  lunettes  associated  with  the  Wimmera  R.  are  sandy,  indicating  that  in  the  past 
this  river  was  more  active  and  carried  a  greater  sedimentation  load  than  at  the 
present  time.  Slowing  down  of  the  river,  where  it  makes  a  sharp  turn  to  the  north 
at  Quantong,  could  result  in  the  deposition  of  sandy  material  on  the  E.  bank. 
Such  materials  would  then  be  transported  under  the  action  of  the  prevailing  westerly 
winds,  providing  the  materials  from  which  the  lunettes  may  have  been  formed. 

The  presence  of  laterite  in  the  stranded  coastal  dunes  near  Jung  shows  that 
pluvial  periods  have  been  a  feature  of  the  immediate  past  climate.  A  quarry 
2  miles  N.  of  Dooen  reveals  friable  black  soil  4  ft  deep,  sharply  overlying  laterized 
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sandstones.  Presumably  the  old  Pliocene  surface  was  subjected  to  laterization  during 
a  pluvial  period  and  later,  under  even  wetter  conditions,  became  a  basin  of 
deposition  into  which  the  parent  material  of  the  now  exposed  black  friable  soil 
was  deposited.  This  area  is  considered  to  be  one  of  the  most  recently  exposed 
areas. 

The  land  surface  slopes  gently  to  the  north  and  two  northward  flowing  effluents 
of  the  Wimmera  R.  have  arisen.  One  of  these,  the  Yarriambiac  Ck,  arises  in  the 
area  and  terminates  in  L.  Coorong  near  Hopetoun.  It  does  not  flow  continuously, 
but  is  dependent  upon  high  winter-spring  levels  of  the  Wimmera  R.  for  replenish¬ 
ment.  From  Jung  to  Hopetoun  the  creek  flows  in  a  broad,  well-defined  valley 
between  the  dunes  previously  mentioned.  Before  it  enters  this  valley  at  Jung,  water 
can  easily  escape  the  normal  creek  course.  Apparently  the  S.  extremities  of  the  dunes 
have  been  eroded  away  by  lateral  planation  across  the  flood  plain  of  the  Wimmera  R. 
In  wet  years  water  spreads  both  E.  and  W.  To  the  east  it  floods  the  country  S.  of 
Murtoa  around  ‘Black  Fellas’  Waterholes’,  joining  up  with  temporary  creeks  in 
that  area.  To  the  west  the  water  enters  Darlot’s  Swamp.  When  this  swamp  over¬ 
flows,  water  returns  to  the  south  across  the  low  land  to  the  east  of  Longeronong 
Agricultural  College,  and  finds  its  way  back  to  the  Wimmera  R.  approximately 
8  miles  downstream  from  where  it  originated  as  an  effluent. 

The  flatness  of  the  area  and  the  precarious  drainage  relationships  are  clearly 
illustrated  by  this  example.  Shallow  expanses  of  water  lying  over  large  areas  are 
not  uncommon,  and  were  it  not  for  surfaced  roads,  many  areas  of  the  Wimmera 
would  be  impassable  to  motor  vehicles  for  most  of  the  winter  and  early  spring 
months. 

Climate 

Data  from  the  Commonwealth  Bureau  of  Meteorology  (Melbourne)  show  a 
range  in  annual  rainfall  from  17  5"  at  Horsham  to  15  7"  at  Jung.  Fig.  2  summarizes 
meteorological  data  for  Horsham.  40%  of  the  rainfall  falls  in  the  summer  and 
autumn  months.  Early  and  late  frosts  do  occur,  giving  an  average  frost-free  period 
of  207  days. 

Soils 

In  general,  the  soils  have  developed  on  alluvial  and  lacustrine  deposits  of  the 
drainage  system  of  the  Pliocene  Murray  Basin  Plain.  The  only  exceptions  are  the 
soils  formed  on  the  two  parallel  stranded  coastal  dunes  which  represent  an  older 
Pliocene  land  surface.  The  boundary  of  these  latter  soils  is  not  sharply  defined, 
for  they  intergrade  with  the  alluvial  deposits.  The  effect  of  the  dunes  is  more  pro- 
nouced  on  the  country  to  the  east  of  Jung,  an  expression  of  the  dominance  of 
westerly  winds.  Here,  for  some  6  to  8  miles,  there  is  a  strong  inter-mixing  of 
light-surfaced  red  brown  earth  (R.B.E.)  soils  with  grey  and  brown  soils  of  heavy 
texture  (G.B.S.H.T.)  (nomenclature  per  Stephens  1956).  Even  farther  to  the  east 
the  soils  between  Murtoa  and  Rupanyup  are  the  more  typical,  self-mulching 
G.B.S.H.T.  of  the  Wimmera  plains.  To  the  south-east  of  Murtoa,  Pleistocene  and 
Recent  sediments  contained  a  predominance  of  coarser  material,  most  likely  a 
reflection  of  a  more  vigorous  drainage  pattern — rivers  and  streams  as  opposed  to 
lakes.  On  these  sediments  R.B.E.,  G.B.S.H.T.,  and  transitional  soils  are  closely 
intermixed. 

Previous  work  on  the  soils  of  the  Victorian  Wimmera  is  limited  to  two  small 
areas  (Skene  1954,  1959)  located  5  miles  W.  of  Horsham  and  8  miles  N.  of 
Murtoa  respectively.  Both  of  these  surveys  show  the  close  interrelationships  be- 
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Fig.  2 — A  summary  of  climatic  data  for  Horsham.  Histogram  of  monthly  rainfall. 

Mean  monthly  maximum  ( - )  and  mean  monthly  minimum  ( - )  temperatures, 

and  the  monthly  frequency  of  screen  temperatures  equal  to  or  less  than  36°F 

(•••). 


ween  members  of  the  Great  Soil  Groups,  the  R.B.E.  and  the  G.B.S.H.T.  Even 
though  each  report  covers  only  5  square  miles,  and  in  both  cases  detailed  work  was 
required  for  proposed  irrigation  schemes,  it  was  found  necessary  to  use  soil  com¬ 
plexes  for  mapping  and  description.  From  a  pedological  viewpoint  there  is  a  great 
range  of  parent  materials,  all  are  sediments  but  mechanical  and  probably  chemical 
composition  vary  greatly  over  the  area  as  a  whole. 

Since  the  area  shows  little  topographical  variation,  climatic  variations  are  small 
and  hence  vegetational  changes  clearly  follow  soil  variation.  Leeper  (1957)  justly 
cautioned  the  use  of  vegetational  criteria  in  soil  mapping  because  climate,  as  well 
as  soil,  is  important  in  governing  the  distribution  of  vegetation.  He  uses  as  an 
example  the  vegetation  of  the  Victorian  Wimmera,  pointing  out  that  buloke 
( Casuarina  luehmannii )  grows  over  a  great  portion  of  the  area,  and  yet  the  gilgai 
soils  between  Glenorchy  and  Rupanyup  are  not  held  as  highly  in  esteem  as  are 
the  soils  under  buloke  in  other  areas.  A  better  example  is  needed  to  prove  his 
point,  for  in  this  area  between  Glenorchy  and  Rupanyup  a  prominent  additional 
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species,  yellow  gum  ( Eucalyptus  leucoxylon) ,  is  present.  This  tree  which  is 
characteristic  of  R.B.E.  soils  in  South  Australia  (Specht  &  Perry  1948,  Specht 
1951),  and  which  extends  on  to  solodic  soils  S.  of  Glenorchy,  gives  an  immediate 
clue  to  a  soil  difference.  Actually  the  soils  in  this  area  have  R.B.E.  tendencies  and 
true  G.B.S.H.T.  are  rare.  The  important  point  here  is  that  a  knowledge  of  the 
complete  range  of  species  is  essential,  and  then  the  important  or  critical  species,  if 
one  occurs,  can  be  discovered.  In  this  case,  buloke  is  an  ecological  wide;  yellow 
gum  can  be  regarded  as  the  indicator  species. 

Although  topographical  information  is  not  available,  stock  and  domestic  water 
channels  indicate  that  the  area  N.  of  the  Wimmera  R.,  between  Pimpinio  and 
Dooen,  is  low-lying  and  probably  one  of  the  most  recently  exposed  areas — a  product 
of  an  internal  drainage  system.  The  soils  of  this  area,  the  ‘Kalkee  Plain’,  differ 
from  the  more  typical  G.B.S.H.T.  found  on  either  side  of  the  Western  Highway 
SE.  of  Horsham,  on  which  most  previous  observations  have  been  made.  Vege- 
tational  differences  reflect  this  also,  for  although  the  area  S.  of  the  river  previously 
carried  a  savannah  woodland  of  grey  box  ( Eucalyptus  hemiphloia )  and  buloke, 
the  ‘Kalkee  Plain’  was  a  true  grassland  formation.  On  this  ‘plains’  area,  surface  soils 
of  puff  and  hollow  in  the  gilgai  complex  are  high  in  lime  and  extremely  self¬ 
mulching.  Trees,  notably  sugar  gum,  can  be  established  if  watered  during  the  first 
few  summers,  but  under  virgin  conditions  only  perennial  grass  species  could  persist 
through  the  summer  months.  These  soils  are  more  easily  cultivated,  and  arable 
more  quickly  after  rain  than  their  counterpart  of  the  woodland  areas  S.  of  the 
river.  This  soil  difference  is  reflected  in  the  farming  practice,  for  wheras  cereal 
production  is  intense  on  the  self-mulching  soils,  the  non-friable  G.B.S.H.T.  are 
used  predominantly  for  pasture  production. 

Gilgai,  with  their  colour  and  microtopographic  variations,  are  a  noticeable 
feature  of  almost  all  soils  of  the  area.  All  the  G.B.S.H.T.  show  gilgai  structure  as 
do  also  some  transitional  R.B.E.  The  form  of  the  gilgai  can  vary  from  well-defined 
puffs  and  hollows,  a  matter  of  2  yds  apart  and  with  2  to  3  ft  difference  in  elevation, 
through  a  whole  range  to  the  case  where  puffs  are  broad  (30  ft)  and  barely 
distinguishable.  Blackburn  &  Gibbons  (1956)  showed  in  Kowree  Shire  that  some 
soils  of  the  hollows  in  the  gilgai  complex  were  solonetzic.  No  such  soils  were  seen 
in  this  area.  All  puff  soils  are  self-mulching  but  not  so  the  soils  of  shelf  or  hollow. 
In  some  cases  there  is  no  evidence  of  a  hollow  being  present  at  all.  Constant 
cultivation  has  caused  ‘ironing  out’  of  most  gilgai  structures;  however,  observation 
on  roadsides  indicates  that  they  were  extensive  over  the  whole  of  the  Wimmera 
region. 

Descriptions  of  representative  profiles  are  given  in  Appendix  1.  Skene  (1954, 
1959)  provides  more  precise  information  on  the  physical  and  chemical  charac¬ 
teristics  of  the  soils  of  the  area. 


Vegetation 

The  original  vegetation  of  the  Wimmera  consisted  for  the  most  part  of  a 
savannah  woodland  sub-formation  (terminology  per  Wood  &  Williams  1960),  with 
Eucalytus  hemiphloia  (grey  box),  E.  largiflorens  (black  box),  E.  leucoxylon  (yel¬ 
low  gum),  E.  camaldulensis  (red  gum),  and  Casuarina  luehmannii  (buloke)  as  the 
dominants.  Most  combinations  of  these  species  can  be  found.  In  the  E.  section  of 
the  Wimmera,  at  least,  a  grassland  formation  did  exist,  and  one  of  these,  the 
‘Kalkee  Plain’,  is  situated  between  Pimpinio  and  Dooen  in  the  area  studied. 
Another  is  found  between  Murtoa  and  Rupanyup,  and  a  third,  the  ‘Lallat  Plain’, 
occurs  E.  of  Rupanyup. 
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Savannah  Woodland  Sub-Formation 

(i)  Dominant  Species: 

All  savannah  woodland  communities  intermix  with  each  other,  but  insufficient 
vegetation  remains  to  use  a  quantitative  approach  to  separate  the  communities 
involved  in  the  vegetational  continuum  (e.g.  positive  interspecific  correlation  as 
was  used  in  the  Beulah  area  (Connor  1966).  Therefore,  it  seems  preferable  to 
discuss  the  autecology  of  each  dominant  species,  mentioning  interrelationships  as 
they  arise. 

Eucalyptus  camaldulensis  (red  gum) 

This  species  does  not  extend  beyond  the  watercourses  and  swamps  of  the  area. 
In  these  localities  it  forms  a  well-developed  savannah  woodland,  often  in  associa¬ 
tion  with  E.  largiflorens  (black  box).  E.  camaldulensis  fringes  the  Wimmera  R. 
but  is  not  common  along  the  Yarriambiac  Ck,  being  present  only  in  places  where 
permanent  or  near  permanent  waterholes  occur.  In  the  vicinity  of  ‘Black  Fellas’ 
Waterholes’  and  also  in  the  Dooen  Swamp  there  is  evidence  of  regrowth  of 
E.  camaldulensis.  This  is  probably  related  to  the  very  wet  winter  and  spring  of 
1956,  when  conditions  suitable  for  germination  occurred. 

The  distribution  of  this  species  is  insufficient  for  it  be  included  on  the  vege¬ 
tation  map  of  the  area  (Fig.  3). 

Eucalyptus  largiflorens  (black  box,  flooded  box) 

Black  box  is  confined  to  areas  subject  to  infrequent  flooding.  It  is  more  drought 
resistant  than  red  gum  and  can  survive  on  soils  which  dry  out  and  crack  deeply  in 
summer,  provided  that  this  is  an  uncommon  occurrence,  and  that  during  the 
winter  months  the  soil  is  again  fully  recharged  with  water.  In  some  situations  it 
forms  a  scrubby  community  which  can  hardly  be  termed  a  woodland.  Typically, 
however,  it  is  a  well-grown  tree  with  a  woodland  form.  Lignum  ( Muehlenbeckia 
cunninghamii)  is  commonly  associated  with  it  on  wetter  sites. 

Most  suitable  areas  for  the  growth  and  development  of  black  box  are  found 
in  association  with  watercourses,  or  with  low-lying  land  which  is  generally  wet  in 
winter  and  spring.  However,  it  does  occur  in  small  pockets  or  as  single  trees  at 
points  of  impeded  drainage  in  generally  better  drained  land.  Such  positions  occurred 
in  the  grassland  formation,  and  indicated  to  the  early  settlers  the  appropriate  places 
at  which  to  construct  water  storage  structures. 

Eucalyptus  hemiphloia  var.  microcar  pa  (grey  box) 

This  species  is  often  confused  with  E.  largiflorens.  The  two  species  hybridize 
and  this  makes  identification  difficult  in  some  cases.  E.  largiflorens  has  a  spreading 
habit  with  branches  which  often  touch  the  ground.  E.  hemiphloia  on  the  other  hand 
is  typically  half-barked,  with  a  lighter  basal  bark,  has  an  upright  habit  and  no 
tendency  to  have  drooping  branches. 

E.  hemiphloia  grows  in  association  with  Casuarina  luehmannii  as  a  savannah 
woodland  S.  of  the  Wimmera  R.  It  is  not  found  with  E.  largiflorens  along  the 
Yarriambiac  Ck  but  grows  with  C.  luehmannii,  E.  largiflorens,  and  E.  leucoxylon 
in  the  vicinity  of  ‘Black  Fellas’  Waterholes’.  The  controlling  feature  appears  to  be 
a  requirement  for  a  slightly  better  drained  soil  than  those  upon  which  E.  largiflorens 
flourishes. 

E.  hemiphloia  extends  eastwards  on  the  red  brown  earth  soils  of  north-central 
Victoria. 
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Eucalyptus  leucoxylon  (yellow  gum) 

This  is  not  a  common  species.  It  is  widespread,  however,  and  is  found  in 
locations  where  the  soil  has  a  lighter  surface  texture  than  the  usual  G.B.S.H.T. 
provide.  It  occurs  alone  on  the  sandy  lunettes  associated  with  the  Wimmera  R. 
and  to  the  east,  between  Glenorchy  and  Rupanyup,  it  accurately  delineates  the 
R.B.E.  and  transitional  soils  with  their  suitable  moisture  relationships. 

E.  leucoxylon  extends  on  to  the  solodic  soils  S.  of  Glenorchy. 

Casuarina  luehmannii  (buloke) 

This  is  the  most  widespread  species.  It  grows  under  a  wide  range  of  soil 
conditions  and  can  readily  be  found  in  association  with  all  the  tree  species  mentioned 
above.  It  grows  alone  on  the  country  bordering  the  Yarriambiac  Ck,  and  in  some 
areas  to  the  east  of  the  creek  between  Jung  and  Murtoa.  The  soils  in  these  situations 
are  R.B.E.  derived  from  the  two  stranded  coastal  dunes  which  border  the  creek. 
To  the  early  settlers  this  ‘buloke’  land  presented  a  contrast  to  the  grassland 
(‘plains’)  found  both  to  the  east  and  to  the  west.  The  earliest  survey  plans  (Central 
Plans  Office,  Melbourne)  have  notes  to  the  effect  that  this  ‘sandy  soil  timbered 
with  Oak’  was  regarded  as  ‘good  agricultural  land’.  Apparently  the  settlers  con¬ 
sidered  the  ‘plains’  poor  land.  If  it  could  not  support  trees,  then  how  could  it  be 
expected  to  grow  crops  or  pastures?  Consequently,  none  of  the  earliest  land 
selections  is  located  on  ‘plains’  country.  This  classification  has  since  been  proved 
to  be  disastrously  wrong,  for  wheat  yields  of  60-70  bushels  per  acre  are  common¬ 
place  on  the  black  ‘plain’  country;  the  red  sandy  soils,  which  once  carried  pure 
buloke,  produce  crops  in  the  order  of  18-20  bushels  per  acre  and  suffer  from 
surface  sealing  problems. 

As  is  the  case  with  black  box,  buloke  does  not  always  occur  in  a  savannah 
woodland  sub-formation  (TG  (m.d.)).  In  some  locations  the  structure  of  the 
community  is  more  aptly  described  as  a  sclerophyll  scrub  sub-formation 
(T/SiS2(d)).  Since  most  of  the  area  is  now  cleared  of  timber  it  is  not  known 
how  extensively  buloke  grew  in  this  manner.  Probably  these  occurrences  were  rare 
or  they  would  have  been  noted  on  the  early  survey  maps.  As  it  is,  most  notes  refer 
to  ‘lightly  timbered  country’. 

Other  Tree  Species — 

Other  species  of  only  limited  occurrence  are  E.  viminalis  (manna  gum)  on  the 
sandy  lunette  which  forms  the  Horsham  Golf  Club,  Banksia  marginata  (honey¬ 
suckle)  and  Callitris  preissii  (pine)  found  on  the  Horsham  lunette,  on  another 
lunette  at  Dooen,  and  on  a  sandy  area  amidst  the  E.  hemiphloia-E.  leucoxylon 
savannah  woodland  adjacent  to  ‘Black  Fellas’  Waterholes’. 

E.  melliodora  A.  Cunn.  (yellow  box),  though  not  recorded  in  the  study  area, 
is  found  in  country  to  the  immediate  east.  It  is  commonly  found  in  sites  where 
sand  or  gravel  lenses  occur  near  the  surface  (G.  Blackburn  pers.  comm.). 

(ii)  Associations: 

An  attempt  to  describe  the  associations  of  the  savannah  woodland  sub-formation 
has  been  made  in  Table  1.  The  difficulty  is  that  a  great  part  of  the  study  area  is  a 
close  mixture  (ecotone)  between  four  associations  which,  as  pure  stands,  occupy 
significant  areas  in  other  parts  of  Australia.  These  are  E.  largiflorens  association, 
E.  hemiphloia  association,  E.  leucoxylon  association,  and  Casuarina  luehmannii 
association.  Another  possible  treatment  (Beadle  &  Costin  1952)  would  be  to  call 
each  separate  admixture  an  association.  In  this  case  the  17  possible  combinations 
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Fig.  3 — Vegetation  map  for  the  Horsham  area. 
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of  the  four  species  would  represent  17  associations.  These  would  then  be  grouped 
into  one  or  more  alliances,  the  name  given  to  groupings  employed  as  mapping 
units.  This  approach  is  not  suitable  for  the  area  studied  here,  but  could  be  useful 
if  a  larger  area  of  the  Wimmera  were  considered.  It  is  certainly  suited  to  areas  in 
which  the  pattern  of  vegetational  changes  is  difficult  to  record. 

Grassland  Formation  (G) 

(i)  Stipa-Danthonia  association: 

This  formation  is  restricted  to  areas  of  highly  self-mulching  soils.  These  are  the 
‘plains’  areas  of  the  original  survey  records,  although  they  are  now  often  vege- 
tationally  indistinguishable  from  adjacent  areas  of  savannah  woodland.  Observa¬ 
tions  on  roadsides  indicate  that  the  soils  associated  with  this  formation  show  a 
subdued  microtopographic  relief  of  gilgai  in  which  puffs  are  broad  and  often 
barely  distinguishable. 

The  formation  is  described  under  a  single  association,  the  Stipa-Danthonia 
association.  In  describing  it  in  this  way,  due  consideration  has  been  given  to  the 
possibility  that  Themeda  australis  (kangaroo  grass),  as  has  been  shown  for  other 
grasslands  (Moore  1959),  could  have  been  the  pre-settlement  dominant.  In  such 
areas  it  is  possible  to  find  the  original  Themeda  persisting  in  relatively  undisturbed 
areas  such  as  railway  reserves  (Patton  1936,  Groves  1964).  Ecological  work  is 
often  restricted  to  these  remnants.  However,  in  the  Horsham  Area  as  described  in 
this  survey,  no  specimens  of  Themeda  have  been  discovered  in  either  grassland  or 
savannah  woodland  communities. 


Discussion 

The  relationships  which  were  noted  in  the  previous  section,  together  with 
information  on  soils,  are  summarized  in  Table  1,  which  is  drawn  up  on  the  basis 
of  the  more  easily  defined  plant  associations  of  the  area.  Species  lists  for  com¬ 
ponent  associations  are  contained  in  Appendix  2.  A  vegetation  map  of  the  Horsham 
Study  Area  is  presented  in  Fig.  3. 
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Appendix  1 

Representative  Soil  Profiles  from  the  Horsham  Area 

1.  Stipa-Danthonia  association  (Grassland  formation) 

2  miles  E.  of  Pimpinio  (roadside) 

(a)  Gilgai  depression 

0-4"  Grey-brown  (10YR5/2)  (Munsell  1948)  light  clay,  breaking  down  to  fine  granular 
aggregates  when  dry. 

4-24"  Dark  grey  (10YR4/1)  medium  clay  of  blocky  structure,  highly  friable  and  with 
soft  calcium  carbonate  concretions. 

24-48"  Dark  grey  (10YR4/1)  medium  clay  of  blocky  structure,  still  friable  but  calcium 
carbonate  less  obvious. 

48-62"  Gradual  transition  to  greyish-brown  (2-5Y5/2)  medium  clay  high  in  calcium 
carbonate. 

62"  Continuing. 

(b)  Gilgai  puff — (15  ft  from  1  (a)) 

0-4"  Grey  brown  (10YR5/1)  light  clay,  readily  breaking  down  to  fine  granular  aggre¬ 
gates  when  dry.  Many  fine  and  few  large  (6  mm)  calcium  carbonate  concretions. 
Deep  cracks  penetrate  to  the  subsoil. 

4-24"  As  for  1  (a). 

etc. 

2.  Casuarina  luehmannii  association  (Savannah  woodland  sub-formation) — 8  miles  NW.  of 

Murtoa  (roadside) 

0-3"  Red-brown  (5YR4/4)  sandy  loam,  surface  sealing  with  platey  structure.  Ironstone 
pebbles  present. 

3- 6"  Yellowish-red  (5YR5/6)  sandy  clay  loam  with  sandy  accessions  from  the  surface 

into  cracks  in  subsoil. 

6-18"  Red-brown  (5YR4/4)  heavy  clay  with  prismatic  structure. 

18-42"  Yellowish-red  (5YR5/6)  clay  slightly  mottled  and  with  soft  calcium  carbonate 
concretions. 

42-68"  Lime  decreasing. 

In  some  situations  the  profile  stops  abruptly  as  shallow  as  6"  on  to  massive  ironstone 

accumulations. 

3.  E.  hemiphloia  association  (Savannah  woodland  sub-formation) 

2  miles  ESE.  of  Horsham 

0-2"  Brown  (7-5YR4/4)  clay  with  small  hard  setting  aggregates. 

2-10"  Grey  (10YR4/1)  heavy  clay  with  blocky  structure  cracking  deeply. 

10-30"  Heavy  brownish-grey  (2-5Y6/2)  clay  with  blocky  structure. 

30-50"  Medium  brownish-grey  (2-5Y6/2)  clay  with  increasing  fine  calcium  carbonate 
concretions. 

4.  E.  hemiphloia,  Casuarina  luehmannii,  E.  leucoxylon  (Savannah  woodland  sub-formation) 

4  miles  S.  of  Murtoa 

0-4"  Brown  (7-5YR4/2)  sandy  loam  with  hard  setting  aggregates. 

4- 18"  Yellow-brown  (2-5Y6/4)  medium  clay  with  medium  blocky  structure. 

18-39"  Brownish-grey  (2-5Y6/2)  medium  clay  with  increasing  calcium  carbonate  present 
in  more  or  less  isolated  pockets. 

39-51"  Mottled  yellow-brown  (2-5Y6/4)  medium  clay  with  decreasing  calcium  carbonate- 
blocky  structure. 
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APPENDIX  2 

A  List  of  Plants  Recorded  Growing  in  the  Component  Associations 

1.  E.  hemiphloia  association 

2.  E.  largiflorens  association 

3.  Casuarina  luehmannii  association 

4.  E.  leucoxylon  association 

5.  Callitris  preissii-Banksia  marginata  association 

6.  Stipa-Danthonia  association 

An  asterisk  before  a  species  name  indicates  that  the  species  is  introduced. 

A  set  of  herbarium  specimens  for  most  of  the  species  recorded  has  been  deposited  in  the  Herbarium’ 
Botany  Department,  University  of  Melbourne. 


1 

2 

3 

4 

5 

6 

Marsileaceae 

Marsilca  drummondii  A.  Br.  -  --  --  --  --  - 

+ 

4- 

_ 

_ 

_ 

Cupressaceae 

Callitris  preissii  Miq.  -  --  --  --  --  --  - 

— 

_ 

_ 

_ 

4- 

_ 

G  RAMINEAE 

*  Ehrharta  calycina  Sm.  -  --  --  --  --  --  - 

4- 

_ 

*  Briza  minor  L.  -  --  --  --  --  --  --  - 

4- 

_ 

4- 

_ 

+ 

Distichlis  distichophylla  (Labill.)  Fasset 

4- 

_ 

_ 

Poa  australis  sp.  agg.  -  --  --  --  --  --  - 

+ 

_ 

4- 

_ 

_ 

*  P.  bulbosa  L.  -  --  --  --  --  --  --  - 

4- 

_ 

4- 

_ 

4- 

*  Lolium  percnne  L.  -  --  --  --  --  --  -- 

4- 

*  L.  rigidum  Gaudin  ------------- 

4- 

4- 

4- 

4- 

4- 

4- 

*  L.  loliaceum  (Bory  &  Chaub.)  Hand.-Mazz.  -  _  _  _  _ 

+ 

*  Bromus  macrostachys  Desf.  -  --  --  --  --  - 

4- 

B.  arenarius  Labill.  ------------- 

+ 

*  Hordeum  leporinum  Link  -  --  --  --  --  -- 

4- 

4-- 

4- 

4- 

_ 

4- 

*  H.  hystrix  Roth  -  --  --  --  --  --  -- 

4- 

4- 

4- 

+ 

— 

4- 

*  A  vena  fatua  L.  -  --  --  --  --  --  --  - 

4- 

+ 

4- 

4- 

— 

4- 

*  A.  alba  Vahl-  -  --  --  --  --  --  --  - 

_ 

+ 

Amphibromus  neesii  Steud.  -  --  --  --  --  - 

4- 

_ 

4- 

__ 

*  Koeleria  phleoides  (Vill.)  Pers.-  -  --  --  --  -- 

_ 

4- 

4- 

_ 

*  Air  a  caryophyllea  L.  -  --  --  --  --  --  - 

4- 

4- 

4- 

4- 

4- 

4- 

*  Phalaris  minor  Retz.  -  --  --  --  --  --  - 

4- 

Agrostis  avenacca  J.  F.  Gmel.  -  --  --  --  -- 

4- 

_ 

_ 

_ 

_ 

4- 

*  Polypogon  monspeliensis  (L.)  Desf.  -  --  --  --  - 

4- 

*  Eragrostis  elongata  (Willd.)  J.  F.  Jacq.  ------- 

— 

_ 

4- 

_ 

_ 

Chloris  tr  uncat  a  R.Br.  ------------ 

4- 

4- 

_ 

_ 

_ 

Cynodon  dactylon  (L.)  Pers.  -  --  --  --  --  - 

4- 

4- 

_ 

_ 

_ 

_ 

Phragmites  communis  Trin.  -  --  --  --  --  - 

4- 

_ 

_ 

_ 

_ 

Danthonia  genlculata  J.  M.  Black-  -  --  --  --  - 

4- 

_ 

D.  linkii  Kunth  -------------- 

4- 

D.  duttoniana  A.  B.  Cashmorc  -  --  --  --  -- 

4- 

— 

— 

_ 

_ 

4- 

D.  setacea  R.Br-  -  --  --  --  --  --  -- 

_ 

_ 

_ 

_ 

4- 

D.  caespitosa  Gaudich  ------------ 

4- 

— 

_ 

— 

— 

4- 

Stipa  hemipogon  Benth.  -  --  --  --  --  -- 

*4- 

— 

— 

4- 

4- 

S.  aristiglumis  F.  Muell.  -  --  --  --  --  -- 

4- 

4- 

S.  variabilis  D.  K.  Hughes  -  --  --  --  --  - 

4- 

— 

— 

— 

_ 

4- 

S.  eremophila  F.  M.  Reader  -  --  --  --  --  - 

4- 

— 

— 

— 

— 

4- 

Panicum  prolutum  F.  Muell.  -  --  --  --  --  - 

4- 

4- 

4- 

— 

— 

*  Paspalum  dilatatum  Poir.  -  --  --  --  --  -- 

4- 

4- 

— 

— 

— 
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Cyperaceae 

*  Cyperus  eragrostis  Lam.  -  --  --  --  --  -- 

Scirpus  nodosus  Rottb.-  -  --  --  --  --  -- 

Eleocharis  acuta  R.Br.  ------------ 

Lepidosperma  carphoides  F.  Muell.  ex  Benth.  -  -  -  -  - 

Care x  inversa  R.Br.  -  --  --  --  --  --  - 

Juncaceae 

Juncus  pall  id  us  R.Br.  -  --  --  --  --  --  - 

J.  australis  Hook.  f.  -  --  --  --  --  --  - 

J.  filicaulis  Buch.  -  --  --  --  --  --  -- 

J.  radula  Buch.  -------------- 

Liliaceae 

Lomandra  effusa  (LindL)  Ewart  -  --  --  --  -- 
Arthropodium  minus  R.Br. ----------- 

Dichopogon  st rictus  (R.Br.)  J.  G.  Baker  ------- 

Bulbine  bulbosa  (R.Br.)  Haw.  ---------- 

Diane  l la  revoluta  R.Br.-  -  --  --  --  --  -- 

Iridaceae 

*  Romulea  rosea  (L.)  Eckl.  -  --  --  --  --  -- 

Casuarinaceae 

Casuarina  luehmannii  R.  T.  Baker  -  --  --  --  - 
Proteaceae 

Banksia  marginata  Cav.  -  --  --  --  --  -- 

Loranthaceae 

Amyema  linophylla  (Fenzl)  Van  Tiegh.  ------- 

Polygonaceae 

*  Polygonum  aviculare  L.  -  --  --  --  --  -- 

Muehlenbeckia  cunninghamii  (Meissn.)  F.  Muell.  -  -  -  - 

*  Rumex  acetosella  L.  -  --  --  --  --  --  - 

Chenopodiaceae 

Rhagodia  nutans  R.Br.  ------------ 

Chenopodium  album  L.  ------------ 

C.  pumilio  R.Br.  -  --  --  --  --  --  -- 

Atriplex  semibaccata  R.Br.  -  --  --  --  --  - 

Bassia  quinquecuspis  (F.  Muell.)  F.  Muell.  ------ 

Kochia  brevi folia  R.Br.-  -  --  --  --  --  -- 

K.  excavata  J.  M.  Black  -  --  --  --  --  -- 

K.  aphylla  R.Br.  -  --  --  --  --  --  -- 

Enchylaena  tomentosa  R.Br.  -  --  --  --  --  - 

Amaranthaceae 

*  Amaranthus  rctroflexus  L.  ----------- 

*  A.  albus  L.  -  --  --  --  -  -  --  --  -- 

Ptilotus  exalt  at  us  Nees  -  --  --  --  --  -- 

P.  spathulatus  ( R.Br)  Poir-  -  -  --  --  --  -- 

P.  tnacrocephalus  (R.Br.)  Poir.  -  --  --  --  -- 

Portulacaceae 

Portulaca  oleracea  L.  -  --  --  --  --  --  - 
Aizoaceae 

Carpobrotus  aequilaterus  (Haw.)  N.  E.  Br.  -  -  -  -  -  - 
Caryophyllaceae 

Spergularia  rubra  (L.)  J.  &  C.  Presl  -  --  --  --  - 

*  Cerastium  glome  ratum  Thuill.-  -  --  --  --  -- 

*  C.  tetrandrum  Curtis  -  --  --  --  --  --  - 
Lauraceae 

Cassytha  pubescens  R.Br.  -  --  --  --  --  -- 

Papaveraceae 

*  Papaver  hybridum  L.  —  -  --  --  --  --  -- 

*  Fumaria  micrantha  Lag.  -  --  --  --  --  -- 
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1 

2 

3 

4 

5 

6 

Cruciferae 

*  Brassica  tournefortii  Gouan  -  --  --  --  --  - 

— 

— 

+ 

— 

— 

+ 

*  Diplotaxis  tenuifolia  (L.)  DC.  ---------- 

— 

— 

— 

— 

— 

+ 

*  Sisymbrium  orientale  L.  -  --  --  --  --  -- 

+ 

+ 

4- 

— 

— 

4- 

*  Conringia  orientals  (L.)  Dumart.-  -  --  --  --  - 

+ 

— 

— 

— 

— 

+ 

*  Lepidium  draba  L.  -  --  --  --  --  --  -- 

— 

— 

+ 

— 

— 

4- 

*  L.  virginicum  L.-  -  --  --  --  --  --  -- 

+ 

— 

— 

— 

— 

+ 

*  Raphanus  raphanistrum  L.  ----------- 

+ 

— 

— 

— 

+ 

+ 

PlTTOSPORACEAE 

Bursaria  spinosa  Cav.  -  --  --  --  --  --  - 

— 

— 

— 

— 

4- 

+ 

Crassulaceae 

Crassula  macrantha  (Hook,  f.)  Diels  -------- 

+ 

— 

Rosaceae 

Acaena  ovina  A.  Cunn.  -  --  --  --  --  -- 

— 

+ 

— 

— 

— 

— 

A.  anserinifolia  (Forst.  &  Forst.  f.)  Druce  ------ 

+ 

+ 

— 

— 

— 

— 

Leguminosae 

Acacia  a  r  mat  a  R.Br.  - 

+ 

— 

— 

+ 

— 

— 

A.  brachy bo  try  a  Benth.  -  --  --  --  --  -- 

— 

— 

4- 

— 

*  Trifolium  tomentosum  L.  -  --  --  --  --  -- 

+ 

— 

— 

+ 

— 

4- 

*  T.  glomeratum  L.  -  --  --  --  --  --  -- 

— 

— 

+ 

— 

— 

*  T.  subterraneum  L.  —  -  —  —  - 

+ 

— 

+ 

— 

— 

4- 

*  T.  arvense  L.  -  --  --  --  --  --  --  - 

+ 

— 

+ 

— 

— 

*  T.  angustifolium  L.  ------------- 

+ 

— 

— 

— 

— 

— 

*  T.  campestre  Schreb.  -  --  --  --  --  --  - 

+ 

+ 

— 

— 

— 

+ 

*  Medicago  minima  (L.)  L.  -  --  --  --  --  -- 

+ 

+ 

+ 

+ 

— 

+ 

*  M.  truncatulata  J.  Gaertn.  (Syn.  M.  tribuloides  Desr.)-  -  - 

+ 

+ 

+ 

+ 

— 

+ 

*  M.  sativa  L.  -  -  --  --  --  --  --  --  - 

4- 

*  M.  polymorpha  L.  var.  ciliaris  (Ser.)  Shinners  ----- 

4- 

*  M.  polymorpha  L.  var.  polymorpha  (syn.  M.  denticulata  Willd.) 

+ 

+ 

+ 

+ 

— 

4- 

*  M.  scutellata  (L.)  Mill.  -  --  --  --  --  -- 

+ 

*  M.  minima  (L.)  L.  -  --  --  -  --  --  --  - 

+ 

+ 

+ 

4- 

— 

+ 

*  Melilotus  indiea  (L.)  All.  -  --  --  --  --  -- 

+ 

_ 

4- 

Swainsona  microphylla  A.  Gray  -  --  --  --  -- 

+ 

S.  procumbens  (F.  Muell.)  F.  Muell.  -------- 

+ 

— 

+ 

— 

— 

4- 

*  Vicia  sativa  L.  -  --  --  --  --  --  --  - 

+ 

— 

+ 

— 

— 

4- 

Linaceae 

Linum  marginale  A.  Cunn.  ex  Planch.  ------- 

+ 

+ 

— 

— 

— 

— 

Oxalidaceae 

Oxalis  corniculata  L.  -  --  --  --  --  --  - 

+ 

+ 

— 

4- 

— 

— 

O.  pes-caprae  L.  -  --  --  --  --  --  -- 

— 

— 

+ 

— 

— 

+ 

Geraniaceae 

*  Erodium  cicutarium  (L.)  Ait.  -  --  --  --  --  - 

+ 

+ 

— 

— 

+ 

— 

Rutaceae 

Correa  reflexa  (Labill.)  Vent.  ---------- 

4- 

— 

Euphorbiaceae 

Euphorbia  drummondii  Boiss.  ---------- 

+ 

— 

+ 

— 

— 

+ 

*  Chrozophera  tinctoria  (L.)  Juss  -  --  --  --  -- 

4- 

Sapindaceae 

Dodonaea  attenuata  A.  Cunn.-  -  --  --  --  -- 

— 

— 

— 

4- 

— 

— 

D.  cuneata  Sm.  -------------- 

— 

— 

— ■ 

4- 

— 

— 

Dilleniaceae 

Hibbertia  virgata  R.Br.  ex  DC.  -  --  --  --  -- 

— 

+ 

— 

H.  sericea  (R.Br.  ex  DC.)  Benth.  --------- 

4- 

— 

Thymelaeaceae 

Pimelea  glauca  R.Br.  -  --  --  --  --  --  - 

4- 

— 

— 

— 

— 

4- 

Lythraceae 

Lythrum  hyssopifolium  L.  -  --  --  --  --  -- 

+ 

+ 

4- 
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1 

2 

3 

4 

5 

6 

Myrtaceae 

Eucalyptus  viminalis  Labill.  -  --  --  --  --  - 

— 

— 

— 

— 

4- 

— 

E.  camaldulensis  Dehnh.  -  --  --  --  --  -- 

— 

4- 

— 

— 

— 

— 

E.  hemiphloia  F.  Muell.  ex  Benth.  var.  microcar  pa  Maiden  - 

+ 

— 

— 

4- 

— 

— 

E.  leucoxylon  F.  Muell.  -  --  --  --  --  -- 

+ 

— 

4- 

4- 

— 

— 

E.  largiflorens  F.  Muell.  -  --  --  --  --  -- 

— 

4- 

— 

— 

— 

4- 

Leptospermum  myrsinoides  Schlecht.  -------- 

4- 

— 

L.  lanigerum  (Ait.)  Sm.  -  --  --  --  --  -- 

— 

— 

— 

— 

+ 

— 

Callistemon  macropunctatus  (Du  M.  Cours.)  A.  B.  Court  -  - 

— 

— 

— 

— 

4- 

— 

Onagraceae 

Oenothera  stricta  Ledeb.  -  --  --  --  --  -- 

— 

— 

— 

— 

4- 

— 

Haloragaceae 

Haloragis  heterophylla  Brongn.  -  --  --  --  -- 

+ 

4- 

— 

— 

— 

4- 

Myriophyllum  propinquum  A.  Cunn.  -------- 

— 

4- 

— 

— 

— 

— 

UMBELLI  FERAE 

Hydrocot yle  peduncularis  R.Br.  ex  A.  Rich  ------ 

— 

4- 

— 

— 

— 

— 

Eryngium  rostratum  Cav.  -  --  --  --  --  -- 

+ 

+ 

— 

— 

— 

4- 

Epacridaceae 

Acrotriche  serrulata  (Labill.)  R.Br.  -  --  --  --  - 

— 

— 

— 

— 

4- 

— 

Astroloma  conostephioides  (Sond.)  Benth.  ------ 

4- 

— 

Brachyloma  daphnoides  (Sm.)  Benth.  -------- 

4- 

— 

Primulaceae 

*  Anagallis  arvensis  L.  -  --  --  --  --  --  - 

+ 

— 

— 

— 

— 

4- 

Menyanthaceae 

Nymphoides  crenatum  (F.  Muell.)  O.  Kuntze  ----- 

— 

4- 

— 

— 

— 

— 

CONVOLVULACEAE 

Convolvulus  erubescens  Sims  -  --  --  --  --  - 

4- 

— 

— 

*— 

— 

4- 

*  C.  arvensis  L.  -  --  --  --  --  --  --  - 

4- 

Boraginaceae 

*  Amsinckia  hispida  (Ruiz.  &  Pav.)  Johnst.  ------ 

— 

— 

4- 

— 

— 

4- 

*  A.  Ivcopsoides  Lehm.  -  --  --  --  --  --  - 

— 

— 

4- 

— 

— 

4- 

*  A.  intermedia  Fisch.  and  Mey.  -  --  --  --  -- 

— 

— 

4- 

*  Lithospermum  arvense  L.  -  --  --  --  --  -- 

— 

— 

4- 

— 

— 

4- 

Labiatae 

Teucrium  racemosum  R.Br.  -  --  --  --  --  - 

4- 

Westringia  rigida  R.Br.  -  --  --  --  --  -- 

4- 

4- 

— 

— 

— 

— 

Mentha  satureioides  R.Br.  ----------- 

+ 

+ 

— 

4- 

— 

— 

*  Marrubium  vulgare  L.  -  --  --  --  --  --  - 

4- 

— 

+ 

— 

— 

4- 

*  Salvia  verbenaca  L.  ------------- 

4- 

+ 

— 

4- 

— 

4- 

*  Lamium  amplexicaule  L.  -  --  --  --  --  -- 

4- 

— 

4- 

— 

— 

4- 

SOLANACEAE 

*  Lycium  ferrocissimum  Miers  -  --  --  --  --  - 

4- 

— 

4- 

— 

— 

4- 

Solanum  nigrum  L.  -  —  -  --  --  --  --  -- 

— 

— 

— 

— 

— 

4- 

*  S.  rostratum  Dunal-  -  --  --  --  --  --  - 

— 

— 

— 

— 

— 

4- 

*  S.  elaeagnifolium  Cav.  ------------ 

4- 

*  Datura  stramonium  L.  -  --  --  --  --  --  - 

4- 

SCROPHULARIACEAE 

*  Parentucellia  latifolia  (L.)  Carvel  --------- 

4- 

4- 

— 

— 

4- 

4- 

Myoporaceae 

Myoporum  deserti  A.  Cunn.  ex  Benth.  ------- 

— 

— 

4- 

— 

— 

— 

Eremophila  longifolia  (R.Br.)  F.  Muell.  ------- 

— 

— 

4- 

— 

— 

— 

Plant  ag  inaceae 

*  Plantago  coronopus  L.  ------------ 

4- 

4- 

— 

— 

— 

4- 

P.  varia  R.Br.  -  --  --  --  --  --  --  - 

4- 

4- 

— 

— 

— 

— 

Rubiaceae 

Asperula  conferta  Hook.  f.  -  --  --  --  --  - 

4- 

+ 

— 

4- 

— 

4- 

*  Galium  murale  (L.)  All.  -  --  --  --  --  -- 

4- 

VEGETATION  STUDIES— HORSHAM  AREA 
Appendix  2 — continued 
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1 

2 

3 

4 

5 

6 

UURCURBITACEAE 

*  Cucumis  myriocarpus  Naudin 

4 

OMPANULACEAE 

Wahlenbergia  consimilis  N.  Lothian 

4 

4 

— 

4 

4 

— 

Pratia  concolor  (R.Br.)  Druce 

4 

4 

— 

4 

— 

— 

(300DENIACEAE 

Goodenla  heteromera  F.  Muell.  -  --  --  --  -- 

4 

— 

4 

— 

- 

- 

COMPOSITAE 

Solenozvne  bellioides  Cass.  var.  gunni  (Hook,  f.)  Davis  -  - 

4 

4 

— 

4 

— 

— 

Brachycome  ciliaris  (Labill.)  Lessing  var.  subintegrifolia  Davis- 

— 

4 

— 

— 

— 

— 

B.  basal tica  F.  Muell.  var  gracilis  Benth.  ------ 

— 

4 

— 

— 

— 

— 

Minuria  leptophyUa  DC. 

+ 

4 

— 

— 

— 

— 

Calotis  scabiosifolia  Sond.  &  F.  Muell.  ------- 

+ 

— 

— 

— 

— 

— 

Vittadinia  triloba  (Gaud.)  DC. 

4 

4 

4 

4 

4 

4 

Helipterum  corymbiflorum  Schlechtendal  ------ 

4 

4 

— 

4 

— 

4 

Helichrysum  apiculatum  (Labill.)  DC. 

4 

4 

— 

— 

— 

4 

H.  leucopsidium  DC.  -  --  --  --  --  --  - 

— 

— 

— 

— 

4 

— 

Leptorhvnchos  squama tus  (Labill.)  Lessing  ------ 

4 

— 

— 

— 

— 

4 

L.  tetrachaetus  (Schlechtendal)  J.  M.  Black  ------ 

4 

Calocephalus  citreus  Brongn.  -  --  --  --  --  - 

4 

Craspedia  globosa  (Bauer  ex  Benth.)  Benth.-  ----- 

4 

4 

— 

— 

— 

*  Inula  graveolens  (L.)  Desf.-  -  --  --  --  --  - 

4- 

— 

— 

— 

— 

4 

Mvriocephalus  rhizocephalus  (DC.)  Benth.  ------ 

+ 

4 

— 

— 

— 

4 

*  Xanthium  splnosum  L.  ------------ 

— 

— 

— 

— 

— 

4 

Eclipta  platyglossa  F.  Muell. 

+ 

4 

— 

— 

— 

4 

Cotula  australis  (Sieber  ex  Spreng.)  Hook.  f.  ----- 

4 

— 

*  Arctotheca  calendula  (L.)  Leyvns.-  -  --  --  --  - 

— 

— 

4 

— 

4 

— 

*  Centaurea  repens  L.  -  --  --  --  --  --  - 

— 

— 

— 

— 

— 

4 

*  C.  melitensis  L.  -------------- 

— 

— 

— 

— 

— 

4 

Microseris  scapigera  Forst.  f.  ex  Sch.  Bip.  ------ 

4 

— 

— 

— 

— 

4 

*  Hedypnois  cretica  (L.)  Willd.  -  --  --  --  --  - 

4 

— 

— 

— 

— 

4 

*  Hypochoeris  radicata  L.  -  --  --  --  --  -- 

4 

4 

4 

— 

— 

4 

*  H.  glabra  L.-  -  --  --  --  --  --  --  - 

4 

4 

— 

— 

— 

4 

*  Scorzonera  laciniata  L.-  -  --  --  --  --  -- 

— 

— 

— 

— 

— 

4 

*  Pier  is  echioides  L.  -  --  --  --  --  --  -- 

4 

4 

4 

4 

— 

4 

*  Chondrilla  juncea  L.  -  --  --  --  --  --  - 

— 

— 

— 

— 

— 

4 

*  Sonchus  oleraceus  L.  -  --  --  --  --  --  - 

4 

4 

4 

4 

4 

4 
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Report  with  Financial  Statement  for  the  year  1965. 
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Mr  V.  G.  Anderson,  Dr  B.  D.  Cuming,  Captain  J.  K.  Davis,  Dr  R.  R. 
Garran,  Prof.  G.  W.  Leeper,  Prof.  J.  S.  Turner,  Mr  R.  T.  M.  Pescott, 
Prof.  G.  C.  Schofield. 

The  following  continued  in  office: 

Mr  H.  C.  Chipman,  Dr  J.  D.  Morrison,  Dr  C.  E.  Resch,  Mr  A.  G.  Willis, 
and  Prof.  J.  Andrews. 

In  April  Captain  J.  K.  Davis  and  Mr  J.  Willis  resigned  and  in  May  Dr  D.  E. 
Thomas  and  Mr  A.  D.  Butcher  were  elected. 

Upon  conclusion  of  the  Annual  Meeting  an  ORDINARY  MEETING  was  held, 
when  Dr  G.  J.  V.  Nossal  spoke  on  ‘Antigens  and  the  immune  response’.  Further 
Ordinary  meetings  were  held  on: 

APRIL  8 — ‘Neutrons  and  Magnetism’  by  Prof.  R.  Street.  Captain  J.  K.  Davis 
resigned  after  over  40  years  service  on  Council. 

MAY  13 — Symposium,  ‘Principles  of  Conservation’.  The  speakers  were  Prof. 
J.  S.  Turner  (Chairman),  Mr  R.  G.  Downes,  Mr  A.  D.  Butcher  and  Mr  D.  Goode. 

JUNE  10 — Two  scientific  films  were  shown,  and  two  research  papers  pre¬ 
sented  by  Dr  J.  A.  Talent  and  Mr  B.  R.  Moore  respectively. 

JULY  8 — Research  papers  were  presented  by  Dr  D.  H.  Ashton,  Dr  Ashton 
and  Mr  A.  M.  Gill,  Dr  I.  Cookson  and  Prof.  A.  Eisenack,  Dr  M.  J.  Littlejohn, 
Mr  N.  W.  Schleiger,  Dr  E.  C.  F.  Bird,  Mr  V.  Gostin,  Mr  P.  E.  Bock  and  Mr  R.  C. 
Glenie,  Dr  G.  M.  Philip,  Dr  W.  B.  N.  Berry,  Prof.  G.  G.  Simpson,  Dr  J.  A. 
Talent,  Dr  G.  A.  Thomas,  Mr  T.  A.  Darragh,  and  Dr  J.  W.  Warren. 

AUGUST  12 — ‘Ways  of  looking  at  cells’  by  Prof.  G.  C.  Schofield,  Dr  S.  D. 
Silva,  and  Dr  T.  Mandel. 


667 


668 


ANNUAL  REPORT 


SEPTEMBER  9 — Symposium,  ‘Victorian  Mallee’.  Two  afternoon  sessions  and 
an  evening  session  were  held.  Papers  were  presented  by  Mr  J.  A.  Murphy,  Mr  A.  K. 
Hannay,  Mr.  C.  R.  Lawrence,  Mr  E.  D.  Gill,  Dr  R.  L.  Specht,  Mr  D.  J.  Connor, 
Mr  N.  J.  Favaloro,  Dr  M.  J.  Littlejohn,  Mr  P.  A.  Rawlinson,  Mr  N.  A.  Wakefield, 
Mr  G.  Robinson,  Mr  A.  Mitchell,  Mr  L.  R.  East,  Mr  J.  N.  Rowan,  Dr  R.  J. 
McLaughlin,  and  Prof.  Sir  Samuel  M.  Wadham. 

OCTOBER  14 — ‘Plant  saps,  aphids  and  translocation’  by  Prof.  M.  J.  Canny. 

NOVEMBER  11 — Soiree.  A  wide  range  of  scientific  exhibits  was  presented 
and  three  films  were  screened. 

DECEMBER  9 — Research  papers  were  presented  by  Prof.  H.  Jaeger,  Mr  R. 
F.  Parsons,  Dr  M.  Kelly,  Dr  P.  L.  C.  Grubb,  Prof.  A.  J.  Boucot  et  al.,  and  Mr 
E.  D.  Gill  et  al. 

The  number  of  members  at  31  December  1965  was  Honorary  3,  Life  Members 
25,  Members  351,  Associates  89,  and  Country  Members  21,  making  a  total  of 
481.  This  is  a  record  figure  for  membership  and  41  more  than  the  previous  year. 
During  the  year  2,255  volumes  and  parts  were  added  to  the  library. 

Attendances  at  Council  meetings  were  Mr  Adams  5,  Mr  Anderson  7,  Prof. 
Andrews  3,  Mr  Butcher  4,  Mr  Chinner  6,  Mr  Chipman  5,  Dr  Cuming  6,  Dr  Garran 
8,  Mr  Gill  6,  Dr  Law  4,  Prof.  Leeper  8,  Dr  Morrison  9,  Mr  Pescott  2,  Dr  Resch  4, 
Prof.  Schofield  6,  Dr  Spencer-Jones  7. 

Mr  Gill  was  granted  leave  during  absence  overseas  and  Dr  Spencer-Jones  was 
Acting  Secretary  for  that  period. 

The  Society  deeply  regrets  the  loss  during  the  year  of  the  following  members: 

CHARLES  STANLEY  BRUM  WELL  was  born  in  England  in  1892  and  died 
in  Melbourne  on  23  January  1966.  His  main  scientific  interest  was  to  read  the 
discoveries  of  scientists,  and  then  by  writing  non-technical  articles  to  communicate 
something  of  the  matter  and  spirit  of  science. 

FREDERIK  WILLEM  JOHANNES  DYKSTRA  was  born  in  Holland  in 
1945  and  died  near  Goulbum,  New  South  Wales,  in  a  motor  accident  on  8  January 
1966.  He  was  Assistant  in  Anthropology  in  the  National  Museum  of  Victoria, 
and  had  just  completed  the  first  year  of  his  course  in  Anthropology  at  Monash 
University.  Already  he  was  showing  considerable  promise,  and  was  commendably 
enthusiastic.  He  had  spent  his  holidays  on  anthropological  enquiries  in  Sydney  and 
Brisbane,  and  it  was  during  his  return  that  he  met  his  death. 

GEORGE  BARCROFT  HOPE,  bme,  amiae  amimm,  was  born  in  Melbourne 
in  1883  and  died  at  Geelong  in  October  1965.  He  was  educated  at  Geelong  Col¬ 
lege  and  was  Dux  of  the  school  in  1900.  Later  he  attended  Ormond  College, 
University  of  Melbourne,  graduating  in  1904  as  one  of  the  second  group  of  mining 
engineering  students  to  be  produced.  His  early  experience  was  as  surveyor  and 
assayer  at  a  tin  mine  in  Stannary  Hills,  Queensland,  and  later  at  Brisbane  and 
Cobar.  In  1916  he  became  Industrial  Chemist  with  Cheetham  Salt  Works  Pty  Ltd, 
at  Geelong,  a  post  which  he  held  until  his  death  last  year.  His  main  scientific  work 
was  concerned  with  development  of  the  technology  of  salt  manufacture,  work  which 
because  of  its  industrial  nature  has  remained  unpublished.  In  his  early  years  at 
Geelong  he  lectured  in  Geology  at  the  Gordon  Institute  of  Technology,  and  was  a 
member  of  the  original  Geelong  Field  Naturalists’  Society.  His  knowledge  of  the 
geology  of  Geelong  and  district  was  extensive  and  deep,  but  unfortunately  he  did 
not  commit  his  observations  to  print,  though  he  undoubtedly  inspired  others  to 
work  on  problems  of  his  suggesting.  He  had  been  a  member  of  the  Royal  Society 
of  Victoria  since  1918. 
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Service  maintenance  and  publishing  costs  continue  to  show  an  upward  trend. 
Lettings  were  satisfactory  and  rentals  were  slightly  increased. 

The  Society  expresses  its  sincere  appreciation  to  the  State  Government  and 
those  others  who  gave  such  generous  help  to  the  Society. 

SUMMARY  FOR  YEAR  ENDED  31  DECEMBER  1965 


Balance  from  1964  .  £960  19  6 

Total  Receipts .  8,293  16  10 

£9,254  16  4 

Total  Payments .  8,186  6  3 

Balance  brought  forward .  £1,068  10  1 


INVESTMENTS  HELD  AS  AT  31  DECEMBER  1965 


Bitumen  and  Oil — 

8%  Registered  Unsecured  Notes .  £100 

Industrial  Acceptance  Corporation — 

7%  Registered  Unsecured  Notes  . .  4,000 

Finance  Corporation  of  Aust.  Limited — 

6i%  Registered  Unsecured  Notes .  900 

Ford  Motor  Company  of  Australia — 

7%  Debenture  Stock . 1,000 


£6,000 
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